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Officer, U. S. Fleet Weather Central/Commanding
Joint Typhoon Warning Center, Guam
Chief of Naval Operations
Commander, Naval Weather Service Command

Annual Typhoon Report, 1968 submission of

[al OPNAV Instruction 3140.17E of 29 Ott 65
~bj SECNAV Instruction 5600.16 of 2 Nov 60

1. The Annual Typhoon Report, 1968, is submitted here-
with in accordance with reference (a).

2. During Calendar year 1968, a total of 20 typhoons, 7
tropical storms and 4 tropical depressions were detected
in the Western North Pacific between 180 degrees
longitude and the Malay Peninsula. A total of 822 warn-
ings were issued during the 142 calendar days the Joint
Typhoon Warning Center, Guam was in “warning status”.

3. Reference (a) directs Fleet Weather Centrals at
Pearl Harbor and Alameda to foreward annual summaries of
tropical cyclones in the areas to this command for
inclusion in the annual t~hoon reports. During 1968,
Fleet Weather Central Pearl was in warning status for 12
days and issued a total of 30 warnings on 1 hurricane, 3
tropical storms and 3 tropical depressions. Fleet
Weather Central Alameda issued a total of 501 warnings
on 6 hurricanes, 13 tropical storms and S tropical
depressions during 114 days in warning in 1968.

4. This report
reference (b).

has been reviewed in accordance with
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FOREWORD

This report is published annually and summarizes
p?estern North pacific Tropical cyclol’leS. Annex A
summarizes Tropical Cyclones from 180 degrees eastward
to the North American Coast.

When directed by CINCPAC in May 1959, CINCPACFLT re-
designated Fleet Weather Central Guam as Fleet Weather
Central/Joint Typhoon Warning Center (FWC/JTWC), Guam
with the follawing responsibilities:

1. To provide warnings to U. S. Government agencies
for all tropical cyclones west of 180 degrees longitude
north of the equator to the Asiatic coast and Malay
Peninsula.

2. To determine tropical cyclone reconnaissance
requirements and assign priorities.

3. TO conduct investigative and post-analysis pro-
grams including preparation of the Annual Typhoon Report.

4. To conduct tropical cyclone forecasting and
detection research as practicable.

Air Force Asian Weather Central at Fuchu, coordinat-
ing with U. S. Navy Fleet Weather Facility Yokosuka was
designated as alternate JTWC in case of failure of FWC/
JTWC Guam.

The JTWC is an integral section of FWC/JTWC Guam
and is authorized to be manned by three Air Force and
three Navy officers and five enlisted from each service.
The senior Air Force Officer is designated as Director,
JTwc .

The Joint Hurricane Warning Center in Hawaii a
coordinated agency composed of the U. S. Weather Bureau,
Honolulu, the Air Force Kunia Weather Center, and Fleet
Weather Central Pearl Harbor is responsible for tropi-
cal cyclone surveillance and issuance of warnings in the
Central North Pacific area between 180 degrees and 140
degrees west.

u. S. Navy Fleet Weather Central, Alameda, California,
is responsible for issuance of warnings from 140 degrees
west longitude to the North American Coast.
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CHAPTER I

OPERATIONAL PROCEDURES



A. GENERAL

The primary prolduct of the Joint Typhoon Warning
Center (JTWC) is the tropical cyclone warning. Opera-
tional procedures preceding issuance of a warning include
thorough analysis of all reconnaissance reports and
conventional synoptic data and the use of various fore-
casting aids to assist in forecasting movement and
intensity.

Hand analyzed charts from Fleet Weather Central Guam
and numsrical charts produced by Fleet Numerical Weather
Central Monterey and Fleet Weather Central Pearl are sup-
plemented by meso-scale and intermediate time analyses
at J’TWC. Communications services are provided by the
Fleet Weather Central Nimitz Hill division of Naval
Communications Station, Guam.

B. ANALYSES AND DATA SOURCES

1. FWC ANALYSES:

a.
1800z .

b.
China Sea;

c.
1200z, and

d.

e.

f.

9.

h.
and daily.

i.

Surface isobaric; 0000z, 06002, 1200z, and

Surface isobaric; micro-analyses of South
0000Z, 0600z, 1200z, and 1800z.

Gradient level streamlines;‘0900Z, 0600z**,
1800Z**.

850 mb streamlines; 0000Z and 1200Z. **

700 mb streamlines; 0000Z and 1200Z. **

500 mb streamlines; 0000Z and 1200Z. **

200 mb streamlines; OOOOZ and 1200Z. **

Sea Surface Temperature Charts; 5-day mean

Checkerboards (Stidd diagrams) of selected
tropical stations.

j- Time cross sections of selected tropical
stations. *

k. AROWAGRA!!4for Guam.

* discontinued 1 July
** discontinued 1 Nov
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2. JTWC ANALYSES:

a. Sectional surface charts; hourly and
3-hourly as required.

b. Reconnaissance data.

c. 70(Imb meso-scale contours; 0000Z and 1200Z.

d. 500 nb meso-scale contours; 0000z and 1200z.

e. 300 mb meso-scale contours; 0000z and 1200z.

f. Stidd diagram for selected stations as
required when special observations are requested.

500 mb contour; Western North Pacific;
0000Z andgi200z.

3. SATELLITE DATA

J’TWCreceived excellent cloud picture coverage
in 1968 from ESSA II and ESSA VI satellite systems and
from digitized rectified mosaics transmitted from the
ATS satellite. These satellite pictures were extremely
valuable in detecting and monitoring tropical disturba-
nces before they reached the tropical depression stage.
During 1968 exchange of satellite data with FWC Pearl
and FWF Sangley over the NEDN data link became a routine
operation providing nearly complete satellite picture
coverage of the JTWC area of responsibility on a once
daily basis. Determination of tropical cyclone recon-
naissance requirements was made on the basis of ESSA II
and ESSA VI pictures and analysis of conventional data.
It was rarely necessary to schedule synoptic flights
for initial detection. Investigative reconnaissance
missions requested were confined to cloud masses identi-
fied as formative tropical cyclones. Some initial
investigative flights reported extensive flat-gradient
areas with seas “calm enough for water skis” where
satellite picture analysis called for surface circulat-
ions up to 35 l:nots. A tendency to overestimate surface
-windsfrom satellite pictures in the early stages of a
tropical cyclone existed in many storms of 1968.

Addition of infrared sensors to the planned APT
satellites for 1969 will increase coverage by providing
pictures twice a day, once during daylight and once in
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darkness. This addition will be particularly signifi-
cant while storms are forming and initial recon require-
ments are being formulated.

4. Land Radar:

Installation of weather radar at FWC Guam was
not completed in time for the 1968 typhoon season; but
will be an important addition to the tracking capabil-
ities for storms in the vicinity of Guam in 1969. Exten-
sive use of radar from Andersen AFB aided close-in
tracking during 1968. Excellent land radar coverage of
tropical storm Pony on August 10th and llth along Japan
aided greatly in tracking and forecasting her unusual
southwesterly movement. U. S. Navy ship and land radar
fixes on Typhoon Bess as she moved in an erratic south-
westerly track toward the ‘Tonkin Gulf were valuable
aids. Many other radar reports from the Trust Territor-
ies, Taiwan, South Vietnam, Okinawa, Japan and the
Philippines contributed significantly to a successful
1968 season.

5. Computer products, OOOOZ and 12002:

Hemispheric analyses and barotropic prog-
noses fOraiOOomb, 700mb, 500mb, 300mb, and 200mb.

b. Decomposition fieldS of the 500mb (SD, SR
and SL) analyses and prognoses. The SD, SR, and SL
fields correspond to small scale disturbances, mean flow
and long wave pattern respectively.

c. Tropical persistence fields from FWC Pearl
were used during the year. Computer analysis replaced
FWC Guam hand analysis of tropical streamlines for the
7oomb, 5oom13 4oomb 300mb and 200niblevels.

d. The HATRACK typhoon steering program based
on SR analysis and prognostic fields was used on an
operational time basis for evaluation and as a forecast
aid.

e. The TYRACK typhoon steering program was
introduced in October and was operationally used and
evaluated for the remainder of the season. This program
utilizes the FWC Pearl tropical persistence fields for
determining forecast movement.
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c. FORECAST AIDS

1. CLIMATOLOGY

The following climatological publications were
utilized:

a. Tropical Cyclones in the Western Pacific
and China Sea Area (Royal Observatory, Hong Kong) ,
covering 70 years of typhoon tracks.

b. Climatological Aid to Forecasting Typhoon
Movement (lst Weather Wing).

Climatological 24-Hour Typhoon Movement
(McCabe,c~. T., 1961).

Western Pacific Typhoon Tracks, 1950-1959
(FWC/JTW$.

. Far East Climate Atlas (First Weather Wing
Februarye1963) .

f. Annual Typhoon Report, 1965 (FWC\JTWC),
covering tracks for 1953-1965.

Annual Typhoon Report, 1965 (FWC/JTWC),
coveringg~racks for 1965-1966.

2. PERSISTENCE

Extrapolation of storm movement using average
speed and mean direction was the most reliable method
for 12 to 24 hour forecast.

3. COMPUTER PRODUCTS:

a. The HATRACK typhoon steering program was
run on the FWC Guam computer on an operational basis
dining 1968. Steering forecasts were made using the
decomposition mean Flow Fields (SR) of the 1000mb, 700mb,
and 500mb levels for both analysis and prognostic fields
through 72 hours. Empirical modification based on
apparent error in earlier forecasts was used to obtain
improved forecast positions.

b. TYRACK computer forecast steering from the
700ti 500mb 400mb, 300mb mean 700/500mb and mean
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700,/500/300mb levels were used in October and November.

4. OBJECTIVE TECHNIQUES

During 1968 the following individual objective
forecasting methods were employed:

a. ARAKAWA - surface pressure grid model.

b. HATRACK - based on 1000mb SR analysis.

c. HATRACK - based on 1000mb SR prognosis.

d. HATRACK - based on 700mb SR analysis.

e. HATRACK - modified from 700mb SR analysis.

f. HATRACK - based on 700mb SR prognosis.

9. HATRACK - modified from 700mb SR prognosis
for 12 hr error.

h. HATRACK - modified from 700mb SR prognosis
for 24 hr error.

i. HATRACK - based on 500mb SR analysis.

j- HATRACK - based on 500mb SR prognosis.

k. TYRACK - based on program-selected best
steering level from Pearl tropical fields.

Evaluation of these
Chapter III.

D. FORECASTING PROCEDURE

techniques is contained in

An initial track based on climatology and extrapola-
tion is developed for a 3 to 4 day period. The track
is modified by considering “the existing and forecast
upper air patterns, numerical steering forecasts and
the ARAKAWA objective method.

Subsequent forecasts become “educated” by longer
period averaging of extrapolation error in speed and
direction and through modification of computer forecasts
to compensate for errors observed in earlier computer
forecasts. A combination of extrapolation and climatol-
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ogy is the starting point for each forecast, with meso-
scale analysis of the 700, 500 and 300mb charts and the
ARAKAWA objective forecast model used to modify or rein-
force the extrapolation forecast. Position of tropical
cyclones with respect to the 700mb high center and ridge
to the north and the 700mb trough or break in the ridge
to the west are the primary keys to 24 hour forecasting
of recurvature or speed changes. The 200mb level has
been used to anticipate changes in itensity through
assumptions of divergence in the southeast quadrant and
convergence in the southwest quadrant of anticyclones.
Tropical cyclones approaching a 200mb anticyclone from
the southeast are forecasted to intensify and those
emerging from the west side of a 200mb anticyclone are
normally forecasted to weaken.

Extended range forecasting is based on extrapola-
tion of the 24 hour track with reversion toward clima-
tology and modified by 500 and 300mb forecast contours.

The resulting official forecast is an integration
of both objective and subjective techniques with persis-
tence in speed and direction the weighted favorite for
short term forecasts.

E. WARNINGS

Tropical cyclone warnings are numbered consecutively
without regard for upgrading or downgrading of the storm
between intensity stages. If warnings are discontinued
and the storm again intensi.fi.es,warnings are numbered
consecutively from the last warning issued. Ammended
or corrected warnings are given the same number as the
warnings they modify. Forecast positions are issued a.s
follows:

Tropical depressions 24 hr

Tropical storms 12, 24 and 48 hr (72 hr at
05z and 17z only)

Typhoons 12, 24, and 48 hr (72 hr at
05z and 17z only)

Forecast periods are stated with respect to warning
time. Thus a 24 hour forecast verifies 26 hours after
the aircraft fix data, 29 hours after the latest sur-
face synoptic chart and 29 to 35 hours after the latest

8



upper air charts.

Warning forecast positions are verified against the
corresponding post analysis “best track” positions. A
summary of results from 1968 is presented in Chapter
III.

F. PROGNOSTIC REASONING MESSAGE

Whenever warnings are being issued, an amplifying
message is issued at 06z and 18z. This prognostic
reasoning message is intended to provide meteorological
units ashore and afloat with technical and non-techni-
can reasoning appropriate to the behavior of current
storms and the logic of the latest JTWC warnings.

G. TROPICAL WEATHER SUMMARY

This message is issued daily from May through
December and otherwise when significant tropical cyclo-
genesis is forecasted or observed. It is issued at
0600z and combined with the prognostic reasoning mess-
age when warnings are being issued. It describes
location, intensity and likelihood of development
tropical low pressure areas and significant cloud
detected by satellite.

the
of all
“blobs”
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CHAPTER II

RECONNAISSANCE



A. General

Land stations in the tropical Pacific are sparse.
Additional observing units have been activated and
reports are being received from peace corps stations,
but the stations are still widely scattered. Ships
which report weather do not usually transit the areas ~f
cyclone formation and, once the cyclone moves into the
shipping lanes, it is usually of such intensity that
ships will take evasive action to avoid it. Pictures
from the ESSA Weather Satellites have proven to be a
tremendous aid in the detection of cyclones in the early
stages Df formation. Interpretation of satellite pict-
ures cannot, however, indicate the center position or
the intensity of the cyclone with the accuracy required
for issuing warnings and forecasting movement and changes
in intensity. Aerial reconnaissance thus remains the
only method which can provide surface and upper air data
of the accuracy required to issue timely warnings for
the safeguarding of life and property. Continuous surveil-
lance of tropical cyclones is of the utmost importance.
The accuracy of tropical warnings is directly related to
the timeliness, quality, and quantity of data received
from reconnaissance aircraft.

Reconnaissance aircraft can remain in the vicinity
of a tropical cyclone to report accurate positions and
characteristics such as eye shape and orientation,
intensity and extent of cloud patterns. By the use of
dropsondes or ascent or descent soundings, the aircraft
can provide a vertical profile of temperature and dew
point, heights of standard levels and sea level pressure.

B. Reconnaissance Responsibility

During the 1968 season two squadrons were assigned
the responsibility of tropical cyclone reconnaissance to
meet the requirements of the Joint Typhoon Warning
Center, Guam. These squadrons were the U. S. Navy
Airborne Early Warning Squadron One (VW-1), equipped
with the EC 121K aircraft based at Naval Air Station,
Agana, Guam and the U. S. Air Force 54th Weather
Reconnaissance Squadron (54WRS), equipped with WC-130
aircraft based at Andersen Air Force Base, Guam.
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c. Evaluation of Data

Four fixes per day were normally scheduled on
typhoons and tropical storms during 1968. Tropical
depressions were scheduled for up to four fixes per day
depending on location, potential, and feasibility of
radar coverage.

In general, low (1500 ft. or below) or intermediate
(700 mb) level fixes were made by VW-1 at 0900z and
1500z, and intermediate level fixes were made by the
54WIlSat 21OOZ and 03002. High level (500 mb) fixes
were made on storms in the vicinity of high terrain. In
addition to the fixes, synoptic and investigative flights
were flown.

Aerial reconnaissance can be divided, according to
data gathered, into three categories: peripheral data,
eye data from penetration, and eye data from radar.

Peripheral data is all information reported out-
side the eye of the storm. It includes a description of
sea level pressure, pressure height, a complete descrip-
tion of clouds including types, amounts and heights of
tops and bases, flight altitude winds, temperature, dew
point, ,and surface winds. Peripheral data obtained while
circumnavigating the storm between fixes often includes
dropsonde soundings. This same type of data is also
provided on all synoptic and investigative flights.

Eye data from radar provides a description of the
radar eye and its location, including a description of
spiral bands and height and width of the wall cloud.
Also included is the aircraft position at the time the
radar observation is taken. Due consideration is given
to the distance of the aircraft from the storm center in
evaluating the accuracy of the fix since attenuation can
distort the image when the distance is considerable.
Also, allowance is made for the possibility that the
radar or cloud eye may not coincide with the wind eye.

On all eye messages fig-~resare given in nautical
miles indicating the accuracy of the location of the
center and the navigational accuracy of the fix. The
type of navigation used by the aircraft is indicated and
figures are given indicating the confidence attached to
each o: the parameters used to locate the eye, i.e.
temperature, pressure, wind, etc. All of this informa-
tion is used by JTWC in evaluating the fix accuracy.
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During 1968, daylight penetrations were made on all
but a few of the most severe storms. When possible
EC 121K aircraft also penetrated the storms for night
fixes. Many of the night penetrations were made at 1500
ft. or below, especially when the storms were too weak
for rader coverage. Location of the circulation center
with the aid of the aircraft landing lights was not
uncommon when the center could not be determined by
other means.

Aircraft Reconnaissance Data

(:~umberof Fixes and Investigations)

1961 1962 1963—.

350 496 465

* 167 preliminary or

1964 1965 1966 1967 1968—— —— —.

772 666 674 845 807*

intermediate (No credit)

fixes not included.

In addition there were 184 synoptic tracts flown
in 1968.

The information from the aircraft was continually
checked for consistency and accuracy. Where possible,
JTWC graphs and other aids were used to check and com-
pare data with previous reports. Verification was
immediately requested from the observing aircraft on
any apparent discrepancy in the data.

D. Communications

The primary means of communication between ground
stations and reconnaissance aircraft was voice single
sideband. Commencing with the 1968 season, Andersen
Airways (AIE2) was the primary air to ground station
for 54WRS and VW-1. The JTWC “Enjoyment” circuit was
not used during the 1968 season. The secondary air to
ground stations were Clark AFB, Republic of the
Philippines; Fuchu Airways, Japan; and Kadena Airways,
Okinawa. When the secondary stations were used, the
primary method of passing eye data between the aircraft
and the Swan monitor was via the Joint Overseas Switch
(JOSS). Eye data messages received by Swan monitor by
direct phone patch with the aircraft were received
simultaneously by JTWC via hotline connection with
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Swan monitor. In addition to the hotline patch, a copy
of the eye message was transmitted to JTWC from Andersen
Airways by local teletype circuit SDE 9.

The routine use of the hotline between Swan monitor
and JTWC led to a significant reduction in communications
delay times. Fixes continued to be levied only 2 hours
prior to warning time. In only 6 casss ‘werethe eye
messages received after warning time. The cases of
excessive delays generally occured when t-heaircraft
had to communicate through one of the secondary stations.
The greatest delays occured on fixes made in the South
China Sea.

The average delay time from the aircraft to JTWC
by phone patch was 23 minutes. This includes the delay
in the aircraft by the meteorologist, and the time for
JTWC to copy the complete eye data message. The max-
imum delay by phone patch was 1 hour 26 minutes and the
minimum delay just a few minutes. Receipt of the eye
data message in less than 10 minutes was.not uncommon
when communications were good. Besides the reduction
in delay time, direct communication with the aircraft
has the advantage of allowing immediate clarification
of doubtful data. Relay of the latest meteorological
information, including satellite data, directly to the
fZight meteorologist on the investigative flights often
pinpointed a suspicious area more exactly and thus
allowed the aircraft to spend more time in productive
reconnaissance.

The following statistics show the delays between
time of fix and time of first receipt at J’TWC. The
methods used in getting the fix to JTWC are shown for
comparison.

DELAY IN RECEIpT OF RECONNAISSANCE FIX DATA FOR
NUMBER MAX !3ELAY MIN DELAY

METHOD OF CASES TIME TIM3

PHONE PATCH 795 1 HR 26 MIN O HR 01 MIN

SDE 9 123 1 HR 35 MIN O HR 04 MIN

OTHER 16 6 HR 25 MIN O HR 23 MIN

1968
AVG DELAY

TIME _

O HR 23 MIN

O HR 36 MIN

1 HR 26 MIN

Table 2-1 contains some statistics on communicat-
ions delays encountered in 1968 along with figures
from previous years for comparison.
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~OMPARISION OF DELAY TIMES WITH PREVIOUS YEARS

MAX DELAY TIME 60

AVG DELAY TIME

M MIN DELAY TIMEI
w

PERCENT OF EYE
MESSAGES DELAYED
MORE THAN 1 HOUR

NUMBER OF FIXES
RECEIVED AFTER
WARNING TIM?

PERCENT OF FIXES
RECEIVED AFTER
WARNING TIM7

1

1964 1965

HR 45 MIN 60 HR 09 MIN

HR 14 MIN 1 HR 05 MIN

8 MIN 9 MIN

59% 39%

46 34

8.0% 5.7%

1966

4 HR 33 MIN

1 HR 02 MIN

FEW MINUTES

38%

30

5.4%

1967

11 HR 20 MIN

()HR 43 MIN

FEW MINUTES

16%

23*

3.1%

1968

6 HR 25 MIN

O HR 25 MIN

FEW MINUTES

4%

6*

0.7%

*lg67 and 1968 fixes scheduled 2 hours priOr tO Warning time ViCe 3 hOUrS priOr tO Warning
time di~ringprevious years.

TABLE 2-1



E. SUMMARY OF RECOIYXAISSANCE REPORT

In an effort to make the crediting of the recon-
naissance effort more objective and meaningful, a
system was devised in 1965 to credit fixes and investi-
gations. The same system with minor modifications has
been in use since that time. The problem of why a fix
was early, late, or missed entirely, although of interest
and concern to JTWC, belongs to the Tropical Cyclone
Reconnaissance Coordinator (TCRC). The time of warning
and the inherent delay from scheduled fix times were
the determining factors used in the crediting scheme.
Obviously, it would be desirable to have the fix made
as near warning time as possible. Prior to 1967 it was
necessary to schedule the fixes 3 hours before warning
time to allow for normal communications delays. More
rapid communications in 1967 and 1968 has permitted
scheduling of fixes 2 hours prior to warning time.
This usually allowed ample time to digest the informa-
tion after receipt of the data. The crediting system
is described in Table 2-2.

2-6



L-Z

——-
NoIJJNId3a

t’

&

z

T

-
SSWK)

SLIaHH2XIdJOSNOIiGINIdEa



time limits. In this case, full credit is given with no
penalty for a late fix.

EVALUATION OF TIMELINESS OF RECONNAISSANCE FOR 1968

CLASS NUMBER

1 699

2 20

3 22

4 7

5 1

6 s

7 34

8 24

9 167

2-8



CHAPTER 111

JOINT TYPHOON WARNING CENTER STUDIES



A. A COMPARISON OF OBJECTIVE TECHNIQIJESFOR TYPHOON MOVEMENT

1. STATUS

The objective methods forecasting and verification
project which was begun in 1967 was continued and expanded
in 1968. Forecasts were verified for all four warning
times as compared to two daily verifications from the most
current upper air synoptic fields in 1967. Objective tech-
niques were also applied to 48 hour forecasts for the first
time. Availability of a HATRACK program for the FWC Guam
computer facilitated operational use of this program.

The older hurricane and typhoon (HAT) steering
program, the TSE method and climatology were discontinued
as objective techniques because of their poor performance
in 1967.

The manual modification technique successfully used
in 1967 on the 700mb Prog was used on both the 700mb
analysis and the 700mb Prog for 24 hour forecasts and on the
500mb anal for 48 hour forecasts. A new twist was added by
using twice the apparent 12 hour error to obtain a 700mb
Prog modified forecast for 24 hour movement.

2. 24HR OBJECTIVE TECHNIQIJES

a. JTWC - official forecast for comparison.

b. EXTRAPOLATION. a semi objective method by which
forecast points are determined by recent past values of
speed, direction and intensity.

c* AWKAWA - Grid overlay values of surface pressure
are entered into regression equations and hand computed.

d. 1000mb PROG - HATRACK forecast based on 1000mh
SR forecast fields.

700mb FROG - HATRACK forecast based on 700mb
SR forec~;t fields.

f. SOOmb PROG - HATRACK forecast based on 500mb
SR forecast fields.

g“ 700mb ANAL - HATRACK forecast based on 700mb
analysis SR field.
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h. 700mb ANAL MOD [24HR) - HATRACK forecast of (g)
above manually modified for apparent 24 hour error.

i. 700mb PROG MOD {12HR) - HATRACK forecast of (e)
above manually modified for twice the apparent 12 hour error.

.
700mb PROG MOD (24HR) - HATRAC1 forecast of

(c) abov;”manually modified for apparent 24 hour error.

3. 48 HR OBJECTIVE TECHNIQUES

a. JTWC - official forecast for comparison

b. 1000mb PROG - same base as 24 hour forecast

c. 700mb PROG - same base as 24 hour forecast

d. 500mb PROG - same base as 24 hour forecast

500mb ANAL - HATRACK forecast based on SOOmb
SR analy;~s field.

f. 700mb ANAL MOD (24HR) - HATRACK forecast based
on the 700mb SR analysis field modified for twice the
apparent 24 hour error at forecast time.

. 500mb ANAL MOD (24HR) - HATRACK forecast based
on the 5~Omb SR analysis field modified for twice the
apparent 24 hour error at forecast time.

h. 700mb PROG MOD (24HR) - HATRACK forecast based
on (c) above modified for twice the apparent 24 hour
error at forecast time.

4. DISCUSSION OF MODIFICATION TECHNIQUE

The basic assumption of this technique is that
forecast errors of the past will continue to occur in the
forecast period. A single correction attempts to compensate
for all errors such as the use of the wrong steering level
and geostrophic rather than actual wind. ‘Position errors
averaging 20 miles exist at all warning times. Full
correction for these errors tends to multiply their contri-
bution to the total forecast error. Analysis errors are
common in tropical areas and are one of the major causes
of forecast error. Finally the computer program designed
to steer tropical cyclones may not produce a perfect fore-
cast if given accurate analysis,prognoses and positions.
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5. TESTING AND RESULTS FOR 24 HOUR FORECASTS (basdd
on results prior to 25 September)

A homogeneous sample of 390 24 hour forecasts was
assembled in 1968. Statistical results are presented in
Table 3-1. The following observations are made after a
study @f 1968 verifications:

a. JTWC official forecasts are significantly better
than all objective techniques. An average of 104 NM is
calculated for this homogeneous sample.

b. Extrapolation continues to be the most reliable
short term forecast technique. The average of 111 NM is the
best of all supplementary forecasts.

c. ARAKAWA was the best of the truely objective
techniques. The ARAKAWA average of 121 NM was better than
the 1967 JTWC official average.

d. The 1000mb PROG was the poorest overall objec-
tive technique, but was a good performer on storms in their
early stages. The HATRACK program has no logical limit on
movement speeds. Illogical 1000mb forecasts are interpreted
to move typhoons at speeds of over 70 knots.

e. The 700 MB level again gave better results than
the 500 MB and 1000 MB levels. The 700 MB prognostic field
again showed skill over the 700 MB analysis field. Statist-
ical evidence strongly indicates a detrimental change in
the basic numerical fields occurred about 25 September. The
700 MB prognosis verification prior to this date was 134NM
compared with an average after this date of 254NM. The
annual average of 191NM is then unrepresentative of any
portion of the year. Displacement of the verification errors
showed a large error to the southwest after September.

f. The 500MB SR HATRACK cyclone movement was slow
and showed a distinct tendency toward premature recurvature.

g“ The 700 MB ANALYSIS was a close second to the
700 MB prog in accuracy. Persistence of the 700 MB field
is a reasonably accurate assumption for predicting typhoon
tracks in the absense of prognositc fields.

h. The 700 MB ANALYSIS modified for 24 hr error
verified equal to the 700 MB Prog similarly modified. The
initial size of the error apparently does not have a
completely determining effect on the size of the modified
error.
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i. The 700 MB Prog was the best of hand modified
computer progs. The modification method showing best results
in the first half was the 12 hour error modification.

.
. The 700 MB prognosis was improved by about 15

percent ~y vector modifying the forecasts for apparent fore-
cast error over the past 12 or 24 hours.

6. TESTING AND RESULTS FOR 48 HOUR FORECASTS (based on
results prior to 25 September) See table 3-2

The best objective forecast for 48 hours proved
*O be th~”700 MB prog HATRACK. This bettered the official
forecast in 5 of 14 tropical cyclones.

Modifying the basic 700 MB prog HATRACK forecast
for 24 h~& error resulted in increased error in 10 of 14
tropical cyclones and in the overall average. Modifying the
700 MB ANAL HATRACK for 24 hour error failed to improve that
forecast. The advantage to error bias correction noted at
24 hours does not apparently continue through the 48 hour
forecast period.

The 700 MB level shows a decided advantage over
the 500 fi~level for 48 hour forecasts using the HATRACK
program.

7. OBJECTIVE TECHNIQUE FOR 1969

Based on analysis of the 1968 season and expected
program improvements the following objective techniques will
be operationally used and evaluated in 1969:

a. Extrapolation

b. 700 MB PROG HATRACK

c. 500 MB PROG HATIViCK

d. 700/500 MB PROG RENARD

e. ARAKAWA

f. TYRACK

700 MB PROG MODIFIED FOR 12 HR ERROR ~24 hour
forecastg;nly).
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OBJECTIVEMETHODSSTATISTICS1968

700A 700P 700P
STORM JTWC EXTRAP 1000P ARAKAWA 700P SOOP 700A MOD2?? MOD12 MOD24

T.LIJCY

T.MARY

T.S.NADINE

T.S.POLLY

T.S.ROSE

T.SIIIRLEY

T.S.TRIX

T.WENDY

T.AGNES

T.BESS

T.DELLA

88

123

1s9

176

51

87

59

10s

109

73

99

123

98

175

163

92

81

118

104

112

72

98

162 186 1s3 175 135 100 90

171 122 131 125 156 96 99

137 166 159 209 175 166 200

134 120 178 241 208 1S0 124

108 55 38 67 124 176 72

173 80 83 57 92 83 87

118 148 102 113 100 158 191

151 115 142 159 164 133 107

171 129 132 128 132 125 119

114 109 102 109 139 81 92

238 85 137 160 133 84 73

T.CARMEN 71 .$’? 9(J 150 48 86 115 113 104 87
T HALF

100

116

178

144

165

60

176

129

129

90

68

80

MEAN VALUE 106 v 110 162 115 134 145 145 120 113 120

T.ELAINE 87 73 285 8S 226 226 204 120 206 154

T.FAYE 72 97 245 76 154 126 1S8 123 108 110

T.GLORIA 89 78 332 101 227 255 238 198 157 185

T.IRMA 254 270 382 206 379 264 369 231 364 243

T.JUDY 86 85 391 75 300 309 292 181 176 207

T.KIT 217 195 390 199 379 318 383 199 280 235

T.LOLA 90 110 232 130 232 301 229 168 157 133

T.MMIIE 81 114 326 144 319 336 316 188 270 204

T.NINA 76 92 19“9 135 202 298 217 208 280 186

T.ORA 116 .& 104 191 157 186 308 199 157 245 141
LAST HALF

99%$?1OSMEAN VALUE 282 122 254 ~82 255 17S 218 179

ANNUAL MEAN 103 108 219 119 191 210 197 146 163 148

TABLE 3-1
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48 HOUR OBJECTIVEMETHODS STATISTICS1968

700A 500A 700P
STORM JTWC 1000P 700P 500P 700A 500A MOD24 MOD24 MOD24

T.JEAN

T.KIM

T.LUCY

T.MARY

T.S.NADINE

T.S.POLLY

T.S.ROSE

T.SHIRLEY

T.S.TRIX

T.WENDY

T.AGNES

T.BESS

T.DELLA

490

154

218

246

324

492

284

195

136

184

266

162

256

603

308

278

298

282

378

333

231

246

321

261

452

311

263

237

282

369

349

262

1s2

281

235

285

223

323

474

390

224

297

497

488

202

142

311

292

282

247

310

227

221

230

321

318

389

320

187

31s

278

290

276

289

535

374

151

316

475

489

218

256

268

341

322

210

331

T.CARMEN 169 328 152 241 265 369
IRST HALF

288 308

243 205

216 219

246 273

431 S29

411 407

360 264

249 361

230 341

306 350

317 311

167 239

190 275

245 220

393

304

186

294

523

373

402

180

250

273

299

162

214

201

MEAN VALUE 262 309 277 331 294 3S2 294 328 298

T.ELAINE

T.FAYE

T.GLORIA

T.IRMA

T.JUDY

T.KIT

T.LOLA

T.MAMIE

T.NINA

T.ORA

222

213

256

951

238

408

26S

155

116
201

LAST HALF

505 sol

564 402

641 433

628 S76

670 643

810 738.
595 597

653 508
398 337
476 331

546

320

493

363

618

547

464

755
785
640

504

416

485

549

678

760

525

622
388
390

594

451

591

423

644

596

480

750

550
S76

246 384 318

312 348 263

456 441 318

772 514 778

41s 493 528

427 480 4“03

328 320 252*

429 456 747

775 773 300*
336 440 296*

MEAN 230 666 582 594 527 595 452 484 435

TAELE 3-2
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B. EVALUATION OF RENARD METHOD FOR IMPROVING HATRACK FORECASTS

Back round: Profess6r Robert Renard of the U.
‘“ ~

S. Navy
Postgraduate c 001 conducted a study based on 1966 data and
tested on 1967 data. The results indicated that an improved
forecast of typhoon movement could be made by combining the
500 mb latitude and the 700 mb longitude from the HATRACK
prognositc fields. The indicated results were superior to
forecasts made from either field.

2. Discussion: Because of the small sample sizes in-
volved in the previous studies, it was resolved to test the
Renard method using a large sample of independent data from
1968. Accordingly forecasts were reconstructed for 429
individual forecasts covering 1S of the 20 typhoons of 1968.
The errors of the reconstructed forecasts were analyzed by
the objective methods verification computer program and
compared with results of other objective methods.

3. Results (See table 3-3):

a. Improvement of 12% over the sample average of
500 mb HATRACK forecasts.

b. Improvement of 5% over the sample average of
700 mb HATRACK forecasts

c. Improvement in 10 of the 15 individual typhoons
over the 700 mb HATRACK and in 11 of the 15 typhoons over
the 500 mb HATRACK.

d. Wide variability in effectiveness from
improvement to a 34% loss in individual typhoons.

4“ -’
The results verified Professor

findings an suggested the existance of systematic
HATRACK forecasts. A study using scatter diagrams

a 52%

Renard’s
error in
was

designed to identify systematicerror. Scatter diagrams
were made of the 700 mb HATRACK, the 500 mb HATRACK and the
Renard method.

5. Follow-up Results:

a. The 700 mb forecasts were centered southwest of
the zero verification point.

b. The 500 mb forecasts were centered northeast of
the zero verification point.

c. The $lenardmethod was much better centqred, but
retained a systematic error of 45 miles to the south on 24
hour forecasts.
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6. Follow-up Discussion: The basic numeric fields from
which HATRACK forecasts are computed were apparently modi-
fied at FNWC Monterey about September 2Sth resulting in
large errors in subsequent forecasts. Only five of the 15
typhoons in this sample occurred prior to 2S September. The
actual values of the errors are not representative of the
potential of this method, but the technique of combining the
latitude and longitude continued to show improvement over
the parent fields.

7. Conclusions:

Systematic errors exist in the 700 mb HATRACK,
the 500 % HATRACK and the Renard combination of IIATRACK
forecasts.

b. The Renard method provides a better estimate
than the parent fields in two out of three cases.

c. A possible improvement to the Renard forecast
involves compensation for systematic error.

d. Further improvement may result from vector
correction for apparent error over the last 12 to 24 hours.

8. Action: This method will be used in operational
forecast-ring 1969. It will be used and refined until
the basic HATRACK program is successfully modified to remove
systematic errors.
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700MB/500MB NUMERICAL TYPHOON FORECAST EVALUATION

SAMPLE IMPROVE
CASE JTWC 700MB SOOMB 7ooMB/5ooM13 % OVER 700

WENDY

AGNES

BESS

CARMEN

DELLA

ELAINE

w FAYE
:
u

GLORIA

IRMA

JUDY

KIT

LOLA

MAMIE

NINA

ORA

sA\fpLEMEANS

46

46

19

24

31

26

25

30

13

33

17

13

47

33

26

429

99

121

86

87

111

9s

100

105

203

110

180

141

112

79

111

104

134

149

107

122

132

232

212

240

220

324

351

242

345

213

181

214

1s0

139

111

147

160

234

233

256

270

310

341

239

357

298

29S

233

179

143

101

71

115

243

181

179

260

293

394

128

307

280

169

204

.34%

4%

6%

42%

13%

-lj!jj

15%

25%

-18%

10%

-12%

47%

11%

-31%

7%

5%

TABLE 3-3



c. EVALUATION OF TYRACK, a computerized tropical cyclone
movement forecast based on FWC Pearl tropical fields.

TYRACK was developed at FWC Pearl by
CAPT;~N %!%?%BERT and LTJG Mark FAZEY lt was co~p~e~~d
for operational use in October and was fir~t used at JTIW
during Typhoon IRMA. Verification data was gathered from seven
typhoons of 1968 and is presented as part of this evaluation.

2. Program Design:

a. The FWC Pearl tropical analysis fields are used
to steer point vortex tropical cyclones. The levels used are
the 700 mb, 500 mb, 400 mb and 300 mb. In addition to these
standard levels a vector mean of the 700 and 500 mb fields is
constructed as average #l and a vector mean of all four levels
is constructed as average 112. Operational input to the program
is the position of a typhoon at warning time and the 12 hour
history position. The reverse steering vector at each of the
six levels is used to drive the warning position backward for
12 hours. The smallest vector from the six history forecasts
to the 12 hour history position determines the “steering level”
for forward motion. The warning position is then driven for-
ward by the selected “steering level” assuming complete per-

sistence of the field during the forecast period. The “error
vector” from the 12 hour reverse track is retained and applied
to adjust forecast positions. Complete persistence of the
error vector and continuation of the selected level as the best
steering level are assumed.

3. Evaluation Procedure: A homogeneous sample of 100 fore-
casts was obtained when the performance of TYRACK could be
compared with the JTWC official forecasts and HATRACK forecasts
could be made from the same initial points.

4. Results (See Table 3-4):

Absolute error was less than unmodified HATRACK
fields a;~ the Renard method forecasts, but not quite as good
as the bias corrected 700 mb HATRACK forecasts.

b. A scatter diagram of vector error indicated a dis-
placement of the forecast about 140 NM along 230 degrees with
a good concentration of points about this displaced center.

5. Discussion:

The HATRACK fields were bad during the last three
months 0;”1968. Comparisons in this sample are more favorable
to TYRACK than they would be if HATRACK fields had not been
unfavorably altered late in September.
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b . The scatter of forecast verifications to the
southwest seems to indicate a tendency for the circulation
around a typhoon to unduely influence the steering flow.
Several modifications to TYRACK are currently under develop-
ment at FhTCPearl. Improved performance in 1969 is antici-
pated, but the need for continued evaluation is clear.

6. Conclusions:

. An important new source of tropical cyclone
forecasts ;as been introduced during 1968.

b. TYRACK is still in a developmental stage.
Conclusions concerning 1968 performance are clouded by a
relatively small sample size and the poor performance of
the comparison HATRACK forecasts during the evaluation period.

Changes in the program as it develops will
require co;;inued evaluation during 1969.

7. Action: TYRACK will be used operationally dur-
ing 1969. Ca~verification records will be continued to
aid development of this forecasting tool and to report in
the next Annual Typhoon Report.
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TYRACK EVALUATION STATISTICS FOR 1968

Official Modified Renard
JTWC 700MB 500MB 70OMB 700/500 TYRACK

TYPHOON Cases err avg Cases err avg Cases err avg Cases err avg Cases err avg Cases err avg

IRMA

JUDY

KIT

LOLA

MAMIE
m
~ NINA
N

ORA

TOTAL

5

10

10

9

30

28

13

105

164 5

83 10

148 10

90 9

83 30

83 28

90 13

95 105

406 5

343 10

333 10

232 9

316 30

198 28

164 13

267 105

276

321

292

301

374

299

269

317

5

10

6

9

28

25

10

93

157 5

191 10

195 10

133 9

197 30

182 28

195 13

184 105

?)73 5

284 10

342 10

106 9

284 30

2s6 2s

171 13

265 10S

26(I

130

301

207

168

242

26.5

217

TABLE 3-4



l-).CLIMATOLOGY

1. Climatology of Fix Requirements

For the purpose of developing a monthly climatology
of tropical cyclones related to operational fix requirements,
a study of tropical cyclones since 1960 was made. For each
cyclone, the fix requirements used in 1968 were applied to
produce a statistical fix requirement based on the 1968
operational policy of four fixes per day per cyclone (tropi-
cal depression, tropical storm or typhoon). Allowances for
cyclones beginning or ending during the day were made, hut
no allowance was made for storms not picked up in their
early stages of development. The climatology developed will
be conservative for this reason in years prior to 1965 when
satellite data first came into operational USC. No allowance
was made for fixes scheduled on cloud masses that failed to
develop. This problem has been greatly reduced by improved
satellite coverage. Figure 3-1 shows the average monthly
figures for the 9 year period as well as the figures for
1968. Also shown is the extreme number of fixes required for
each month and the year in which this extreme occurred.

2. Climatology of Days with Multiple Storms

In addition to the number of fixes in each month
the distribution of these fixes within the month is of
importance. A given number of fixes occurring in a short
span of time during a period of multiple storms will usually
require more aircraft than an equal number of fixes distri-
buted over a longer period without multiple storms. Figure
3-2 shows the average number of days in each month during
which warnings were being issued on two or more cyclones.
The number by month for the 1968 season is shown as well as
the extreme number of multiple storm days that has occurred
in each month during the 9 year period.

3. Typhoon Climatology

Direction and speed of movement of typhoons in the
Western North Pacific by month from June through November.

Isotachs of model speed are analyzed as dashed
lines and streamlines of model direction are drawn as solid
lines. Both analyses are based on values contained in
Charts LXIII to LXXIX in Royal Observatory Technical Memo
No. 7 which includes 70 years of data. See Figures 3-3
through 3-8.
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4* Figure 3-9 presents the actual distribution by
months of 334 Western North Pacific typhoons in the 17
years from 1952 through 1968.

5. Figure 3-10 presents the revised 10 year frequency
of typhoons by month.
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MONTHLY CLIMATOLOGY OF DAYS
WITH MULTIPLE STORMS
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CLIMATOLOGY OF TYPHOON TRACKS

1959 - 1968
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E. EVALUATION OF THE SEAY
IMPROVET)PRESSURE-WIND
CAL CYCLONES

GRAPH AhIIYDEVELOPMENT OF AN
CORRELATION GRAPH FOR TROPI-

The original Seay graph was compiled from reconnais-
sance data for 1957, 1958 and 1959 and is discussed in
the 1960 Annual Typhoon Report. The graph was modified
during the 1964 season using additional reconnaissance
data from the years 1956 through 1962 and appears in the
1964 Annual Typhoon Report as the JTWC graph.

During 1968 results using this graph were compared
with actual land station reports. Although it is real-
ized that this graph was designed to he used with data
collected from within the eye, it was f~lt that an eval-
uation using data frequently obtained from outside the
boundary of the eye could, nevertheless be useful.

The evaluation utilized data taken from CPA reports
and land station reports received at JT?~Cfor 1963, 1964,
1967 and 1968. A composite list of these reports and
associated data is given in Tables 3-5 through 3-10.

Using the appropriate latitude value and reported
Minimum Sea Level Pressure of the station at the time of
CPA a surface “Seay” wind was obtained from the Seay
graph. The actual wind reported by each station was then
subtracted from this computed “Seay” wind. A positive
value signifies that the “Seay” wind is greater than the
actual wind reported by the station and a negative value
signifies that the “Seay” wind is less than the wind re-
ported by the station.

The first attempt to segregate @he data involved
separating the reports into the following two groups:
Group I - Those reports south of 22N; Group 11 - Those
reports north of 22N. For Group I a comparison of the
55 station maximum sustained wind reports and the 41
station maximum gust reports with the “Seay” wind are
shown in Table 3-11. For Group II a comparison of the
36 station maximum sustained wind reports and the 28
station maximum gust reports with the “Seay” wind are
shown in Table 3-11.

The second attempt to segregate the data, without
regard to geographic location, involved a comparison of
the 91 station maximum sustained wind reports and the 69
station maximum gust reports with the “Seay” wind, with
the results shown in Table 3-11.
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The third attempt to segregate the data involved sep-
arating the CPA reports into arbitrary distances from the
storm center based on the time of the report and best
track position of the storm. For the purpose of this
study O to 20 miles was considered to have been a good
range for those stations in or near the eye or close enough
to the center to give accurate values using the Seay graph.
However, the largest difference between the “Seay” wind
and station maximum sustained wind for Group I and II was
the O to 20 miles range, with the difference decreasing as
distance from the storm center increased.

Finally, in order to adhere to the prerequisites estab-
lished for validity of the Seay graph, station data, espe-
cially the Minimum Sea Level Pressure, was compared with
available reconnaissance data to determine whether or not
a station had been inside the eye. Twenty-two stations
were found which fell into this category. The average
computed “Seay” wind was found to be 2-3.4knots higher
than the maximum sustained wind as reported by these
stations, with values ranging between -14.9 knots to +51.o
knots. Due to the small sample size no attempt was made
to group these reports according to latitude.

Conclusions inferred from this evaluation are: (1) No
significant difference was noted between results obtained
from stations in the southern range of latitude and re-
sults obtained from stations in a more northerly latitude.
(2) The present Seay graph corresponds much better with
maximum gusts than sustained winds. (3) The Seay graph
appears to be about 20 knots too high.

Before modifying the Seay graph using the above re-
sults, an attempt was made to derive a new equation for
computing maximum sustained surface winds from sea level
pressure data. The following equation was found to be
very accurate, when compared to actual land data for wind
values less than 45 knots.

v = (12- $ / 1007 - Pe (1)
max

where v = Maximum sustained
max surface wind (knots)

e = Latitude of tropical cyclone

P = Minimum observed sea level
o pressure (MB)
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Equation (1) was used to compute wind values less than
45 knots and a modified Seay equation (2) was used to
compute wind values greater than 45 knots. The resulting
graph, Fig (3-11), is a smoothed product utilizing both
equations.

‘ma~~g~) 6]-20 ‘2)

where
v = Maximum sustained surface wind (knots)
max

@ = Latitude of tropical cyclone

‘7 = Minimum 700MB height in feet in
tropical cyclone center.

This graph will give a better estimate of the maximum
sustained surface wind associated with a tropical system
of tropical storm intensity or greater than could previously
be obtained from the present Seay graph. Evaluation of
this graph will continue as additional wind reports are
obtained.
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PEAK MIN ACFT
WIND GUST SLP EYE/SLP/ SEAY SEAYLESS BEST

STAT10N CPA(NM) DTG(Z) (KTS) (KTS) (M@ SFCWIND WIND MAXWIND STORM/MONTH/YEARTRACK(~TS)

FWC/JTWC

AN13ERSEN

SANGLEYPT

CATANDUANES

BATAN

UssMAURY

SANGLEYF’T

CUBIPT

CATANDUANES

13ATAN

NAULOPT

DA NANG

DA NANG

CATANDUANES

CUBI PT

CATANDUANES

TAN SON NHUT

CUBI PT

35W

57N

80NE

12SW

40SE

UNK

10NE

15s

190NE

190SW

190NE

15s

70NE

45s

105N

10N

UNK

45N

290645

242359

132000

130100

132300

120310

291620

292015

060600

060801

071401

150132

261700

281401

042344

201801

080400

141812

54

37

28

68

18

70

45

40

14

30

40

28

26

20

13

20

50

41

87

61

36

95

30

83

64

54

30

60

58

48

32

35

17

28

70

51

976.5

992.0

1000.5

973.0

993,6

988.0

976.0

973.0

999.5

995.6

995.1

993.0

999.9

1000s6

1001.9

1000,8

1001.0

995.9

932/110

942/120

990/75

898/125

“.-/75

/--- ---

968/75

968/75

927/200+

927/200+

971/75

/--- ---

/“.- “-.

/--- “--

999/60

/-..-.--

1000/55

975/90

86

60

36

91

51

67

87

91

41

47

51

54

38

38

33

37

36

49

+32

+23

+08

+23

+33

-03

+42

+51

+27

+17

+11

+26

+12

+18

+20

+17

-14

+08

T.

T.

T.

T.

T,

T.

T.

T.

T,

To

T.

T.

OLIVE/APR/63

SUSAN/DEC/63

CARMEN/AUG/63

CARMEN/AUG/63

PHYLLIS/DEC/63

PHYLLIS/DEC/63

WINNIE/JUN/64

WINNIE/JUN/64

IDA/AUG/64

IDA/AUG/64

IDA/AUG/64

VIOLET/SEP/64

T.S,ANITA/SEP/64

T.S.BILLIE/SEP/64

T. CLARA/OCT/64

125

120

100

110

45

55

65

65

135

135

100

70

..

--

80

T.S.GEORGIA/OCT/64--

T. JOAN/NOV/64 65

T. OPAL/DEC/64 75

TABLE3-5--GROUPI REPORTSSOUTHOF 22N
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MAx PEAK MIN ACFT
WIND GUST SLP EYE/SLP/ SEAY SEAY LESS BEST

STATION CPA(NM) DTG(Z) (KTs) (KTS (MB) SFC WIND WIND MAX WIND STORM/MONTH/YEAR TRACK(KTS)

965/60

968/55

/-..---

973/35

973/35

971/70

1000/35

985/45

984/40

971/75

964/80

978/35

978/35

971/75

982/45

940/100

972/60

/------

T. DINAH/OCT/6758

48

65

-“

..

45

-.

60

--

--

--

-.

34

46

“-

69

41

150

991.4

991.2

994.7

978.4

978.0

976.7

1002.4

988.3

996.6

977.2

970.9

984.3

989.0

999.1

993.1

991.0

988.2

945.8

NAHA 75E

95E

35SW

32SW

40E

OVER

72ESE

low

40NW

14WNW

OVER

14WSW

76E

80NW

32NNW

46NNW

75SSE

15E

261325

261355

180500

280900

280900

251100

020000

280900

121800

160600

211200

272000

271627

160600

071800

230800

060154

221600

42

30

44

70

10

--

30

40

15

40

--

25

20

28

35

48

32

110

51

51

45

+09 80

+21 T. DINAH/OCT/67 80KADENA

+01 T. GILDA/NOV/67 50TAIPEI

64 -06

+54

T. MARY/JUL/68MUROTOMISAKI 30

64 T. MARY/JUL/68SHIMIZU 30

T.S. NADINE/JUL/68 50HENGCHUN

KADENA

78 . .

T.LucY/JuL/6830 00 45

T.S. NADINE/JUL/68KUNGSHAN 59 +19 40

T.S. POLLY/AUG/6840 +25 40AMAMIO SHIMA

63

86

61

55

30

50

53

+23 T.S. POLLY/AUG/68

T. SHIRLEY/AUG/68

T.S. TRIX/AUG/68

T.S. TRIX/AUG/68

T.S. POLLY/AUG/68

T.S, POLLY/AUG/68

T. DELLA/SEP/68

50

60

55

50

50

45

100

TSUSHIMA

HONG KONG

AMAMIO SHIMA

KADENA

ITAZUKE

MARcus

KADENA

TAINAN

-.

+36

+35

+02

+15

+05

T. WENDY/SEP/6858 +26 65

108 -02 T, DELLA/SEP/68 110MIYAKO JIMA

TABLE 3-9--GroupII reportsnorthof 22N
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(J.)

Group 1

Group II

Group III

NUMBER OF
STATION REPORTS

91

-+-

36
28

“SEAy!tWTND LESS MAX
SUSTAINED WIND (KNOTS

+17.25

+16.8

+17.9

“SEAY” WIND LESS
MAX G[JST (KNOTS)

.1.13

1.6

-0.5

TABLE 3-11 - - - Comparison of “Seay” wind with reported sustained wind and
maximum gusts.
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F. COMMENTS ON THE CHARACTERISTICS OF TROPICAL CYCLONES
BECOMING EXTRATROPICAL

This study is intended to show, by use of satellite
pictures and other synoptic data, characteristics of
tropical cyclones that are becoming extratropical.

The term extratropical, as used in this study, is
defined as that stage in the life of a tropical cyclone
when the cyclone has moved to a position poleward of the
belt of tropical easterlies (subtropical ridge) and the
characteristic warm core center has become or is rapidly
becoming indistinguishable.

Several tropical cyclones during 1968 displayed similar
characteristics while becoming extratropical. Comparisons
using reconnaissance, upper air and sea surface temperature
data with corresponding satellite pictures are made for
three tropical cyclones which became extratropical.

I. TYPHOON CARMEN

Tropical Cytlone Carmen (See Chapter V for best track)
attained typhoon intensity at 1711OOZ SEP and reachpd its
maximum intensity at 190500Z*. Table 3-12 lists sea level
pressure (SLP), temperature difference at 700MB between
inside the eye and outside the eye ( A T), sea surface
temperature (SST) and satellite classification for the
corresponding date-time (DT). At the time of maximum
intensity the subtropical ridge was located near 28N with
a short wave trough located along 147E and another located
over China. Both troughs were moving eastward at about
10 degrees of longitude per day.

Carmen passed thru the subtropical ridge and recurved
near 28N at 202300Z*. The recurvature was a result of
short wave troughs creating a weakness in the subtropi-
cal ridge through which Carmen could pass.

By 220000Z* Carmen was well north of the ridge and
the 220006Z satellite picture (Fig. 3-12) shows a well
defined circulation still present, with a polar front
lying along a SW to NE line north of Carmen. Although
Carmen was still a typhoon, the intensity was decreas-
ing at a steady rate. Especially of interest is the
decrease in the SST and ~ T from the time of recurva-
ture. Much of the decrease in A T is probably due to

*See Table 3-12
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the entrainment of the cold air associated with the polar
front.

Twenty four hours later, at 230000Z*, Carmen had
moved further northward into the westerly flow and cyclo-
nic circulation at 300MB was no longer evident (Fig. 3-13).
The 230059Z satellite picture (Fig. 3-13) still shows a
well defined circulation with Carmen beginning to merge
with the polar front. Carmen was now of tropical storm
intensity and the SST and A T showed further decreases.

The final warning was issued at 2311OOZ* and by
240000Z* the upper level circulation (Fig. 3-14) had
completely dissipated. The 232358Z satellite picture
(Fig. 3-14) shows Carmen has merged with the polar front
and the circulation has become appreciably disorganized.

II. TYPHOON DELLA

Tropical cyclone Della (See Chapter V for best track)
attained typhoon intensity at 182300Z SEP and reached its
maximum intensity at 220000Z**. Table 3-13 lists appli-
able data as defined in above discussion of Carmen. At
the time of maximum intensity Della was located immediately
south of the subtropical ridge and a short wave trough was
located along 120E moving eastward at about 7 degrees
longitude per day (Fig. 3-12). Shortly thereafter Della
moved into the ridge and recurved near 24N at 2205002,
The 220201Z satellite picture (Fig. 3-12) shows a well
organized circulation with a well defined eye visible.

During the following 48 hours Della moved slowly
northeastward thru the weakness in the ridge created by
the eastward moving trough (Figs 3-13 ~ 3-14) with the
intensity decreasing slowly. The 230059Z satellite
picture (Fig. 3-13) shows the same intensity as the
220201Z picture (Fig. 3-12) while the 240153Z satellite
picture (Fig. 3-14) shows only a slight decrease in
intensity. By 240000Z** ~ T had decreased 2 degrees
C and the SST had decreased 4 degrees C.

Della moved over southern Kyushu at 2411OOZ and her
intensity decreased so rapidly, due to the lack of a
heat source from the ocean, that by 250500Z**, when
the final warning was issued, Della contained maximum
winds of only 25 knots. The 250053Z satellite picture
(Fig. 3-15) shows only a cloud blob with very little
circulation present and the great decrease in intensity
which occurred over the preceding 24 hours.

* See Table 3-12
** See Table 3-13 3-52



III. TYPHOON GLORIA

Tropical cyclone Gloria (See Chapter V for best track)
attained typhoon intensity at 1723002 OCT and reached its
maximum intensity at 182300Z***. At the time of maximum
intensity the subtropical ridge was located near 24N, a
series of short wave troughs were moving eastward north
of the ridge and the trailing edge of a polar front was
located about 360 NM north of Gloria. Gloria continued
moving slightly west of north until she recurved near
23N at 200500Z.

By 220000Z*** Gloria, which was now a tropical storm,
was located north of the subtropical ridge and was moving
northeastward along the upper level trough line (Fig. 3-15).
The 2202002 satellite picture (Fig. 3-15) shows Gloria
starting to merge with the trailing edge of the polar
front. The SST was now 74 degrees F, a decrease of 8
degrees F since the time of maximum intensity. Twenty
four hours later, at 230000Z***, Gloria showed no high
level circulation but low level circulation was still
present (Fig. 3-16). The 2300582 satellite picture
(Fig. 3-16) shows Gloria has merged with the polar front
and a decrease in the intensity of the cloud pattern. The
SST decreased 1 degree F to 73 degrees F and A T decreased
3 degrees C to 2 degrees C in the 24 hours previous to
2300002.

The final warning was issued at 232300Z***, with maxi-
mum winds of 35 knots, and the corresponding satellite
picture showed Gloria to be greatly disorganized and
rapidly dissipating.

Iv. SUMMARY

The impetus for a tropical cyclone going extratropi-
cal is usually the eastward moving troughs north of the
subtropical ridge creating a weakness in the ridge thru
which the cyclone passes. After passing thru the ridge
many cvclones maintain their tropical characteristics
for as long as 48 hours (the warm core center is still
present), although the intensity usually decreases at
a very rapid rate.

In two of the cases discussed great decreases in
intensity occurred as the cyclones merged with polar
fronts (entrainment of cold air into the cyclone) and in
the other case the intensity rapidly decreased after the

*** See Table 3-14
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cyclone moved over land (loss of ocean heat source). In
all three cases, after the cyclone had recurved, a steady
decrease in the intensity was associated with a steady
decrease in the temperature of the ocean surface over
which the cyclone was moving.
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DT SLP (MB) AT (“C) SST (“F) SATELLITECLASSIFICATION** MAX SFC WIND (KNOTS]

190500Z 936 4 82 STG X DIA 6 CAT 4 110

202300Z 952 4 81 STG X DIA 4 CAT 3 90

220000Z 962 2 78 STG X DIA 4 CAT 2 65

230000Z 974 1 74 STG X DIA 4 CAT 2 55

2311OOZ 980 0 72 NONE 45

240000Z --- 70 NONE --

%* s P FAMOS R h Report (4-67’)~lE
Pfi;TO&&;; AND NEP~fi;tiSES”.

FOR I~N OF SA~

TABLE 3-12 - TYP11OONCARMEN

DT SLP (MB) AT (“C) SST (“F) SATELLITECLASSIFICATION** MAX SFC WIND (KNOTS)

220000Z 930 8 83 STG X DIA 5 CAT 4 120

230000Z 939 7 81 STG X DIA 5 CAT 4 110\

240000Z 950 6 79 STG X DIA 4 CAT 3 90

250500Z 1000+ -- NONE 25

3* See Project FANOS ResearchReport (4-67)

TABLE 3-13 - TYPHOON DELLA
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G. Error Distribution in JTWC Official Forecasts

1. Background

The mean JTWC error is an overly simple descrip-
tion of error from an operational point of view. This
study was made as a preliminary to making further improve-
ments in individual and average forecasts and forms a -
basis for describing probable error in a statistical and
graphical fashion.

2. Approach

Stratification of forecasts by time showed that
the first two forecasts issued on the 20 typhoons of 1968
verified with an average error of 153NM compared with the
overall average of 105NM. The initial forecasts thus
contribute disproportionately to the mean error and must
be accorded a lower level of confidence. Stratification
by wind velocity at the time of verification shows increas-
ing skill with higher wind velocities. Winds verifying
50 knots or under recorded an error of 143NM while those
over 50 knots verified at 106NM. While it is difficult to
separate the contribution of initial forecasts from that
of lower wind velocities, it is evident that the motion
of more intense storms is more predictable.

Stratification by direction of movement showed
best accuracy (11ONM) between directions of 260 and 360
degrees and a 20 to 25NM increase in error over the re-
mainder of the compass. This indicates a lower ability
to forecast unusual directions of motion. The largest
error (139NM) was found in the northeast movers and the
second largest in southwest movers.

Stratification by intervals of the absolute
verification error shows the modal error under 100NkIfor
24 hours. A relatively small number of forecasts verify-
ing with large errors contribute a disproportionate
amount of the mean error and probably have an adverse
affect on user confidence in the system. One of the
operational efforts in 1969 will be to anticipate and
identify forecasts with large potential error. If this
can be done successfully on the few difficult forecasts,
the level of confidence on the remaining forecasts will
be increased.

3-62



A graphic approach to official JTWC error was
attempted by plotting the verified 24 hour error on a
maneuvering board. It was observed that JTWC forecasts
are slightly fast 62% of the time and the shape of the
error distribution approximates an ellipse whose long
axis is perpendicular to the typhoon track and has a
ratio with the short axis of 4 to 3. The dimensions of
the ellipse yielding an average error of 105NM are
94 x 118NM.

A study of right angle error shows that the ratio
of error along the track to error at right angles to the
track is 3 to 4 at 48 hours and 72 hours as well as at
24 hours over the last five year period. This indicates
stability with time of the shape of the error pattern.

The rate of expansion of this pattern is a
constant in relation to distance travelled. The mean
track angle error in 1968 was 14 degrees. Over the past
5 years this error has been 18 degrees.

Use of these observations leads to construction
of the probable area of verification (figure 3-17). It
can be seen that this shape does not lend itself readily
to description in terms of forecasting an area of prob-
able storm location, nor does it include the extended
area of storm or typhoon force winds extending outward
from the center.
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AREA OF VERIFYINGLOCATIONS

FORECASTPOSIT

x

WARNINGPOSITIONAlll!A
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CHAPTER IV

SUMMARY OF TROPICAL CYCLONES 1968
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During 1968, the Joint Typhoon Warning Center issued
warnings on a total of 31 Tropical cyclones. Although
only in a warning status for 142 days, 48% or 68 of these
days JTWC was issuing warnings on two or more cyclones.

JTWC passed one cyclone, Tropical Storm Virginia,
to HWO, Pearl Harbor, Hawaii. There were no cyclones
passed to JTWC from outside its area of responsibility.

There were five “Super Typhoons’+(maximum sustained
surface winds of 130 knots or greater) during the 1968
season compared with four during 1967 and three during
1966 (see Table 4-2). Of these super typhoons, Agnes
and Elaine were the most intense with maximum sustained
surface winds of 150 knots.

The following figures and tables age provided to
present representative statistical data from the 1968
tropical cyclone season and provide a ready reference
for comparison with past seasons.
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SUMMARY OF WESTERN PACIFIC
TROPICAL CYCLONES

OF 1968

TOTAL NUMBER OF WARNINGS

CALENDAR DAYS OF WARNING

NUMBER OF WARNING DAYS
WITH TWO OR MORE CYCLONES

NUMBER OF WARNING DAYS
WITH THREE OR MORE CYCLONES

TROPICAL DEPRESSIONS

TROPICAL STORMS

TYPHOONS

TOTAL TROPICAL CYCLONES

1960-1966
752

156

59

15

6

10

21

37

1967
m

185

62

17

6

1s

20

41

TABLE 4-1

* SUPER TYPHOONS DURING 3968

1968
m

142

68

1s

4

7

20

31

CYCLONE
NUMBER NAME

07 MARY

16 WENDY

17 AGNES

22 ELAINE

23 FAYE

MIN MIN
INCLUSIVE DATES INT!&TY SLP 700MB HT

20 - 30 JULY 130KNOTS 924MB 2441m

27 AUG -9 SEP 140KNOTS 917MB 2356m

28 AUG - 9 SEP 150KNOTS 904MB 2240m

24 SEP - 1 OCT 150KNOTS 908MB 2234m

2 OCT - 9 .OCT 145KNOTS 911MB 2298m

* Typhoons with maximum sustained surface winds of 130 knots
or greater.

TABLE 4-2
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DTG
280600Z
281200Z
281800Z
290000Z

DTG
020500Z
O211OOZ

DTG
052300Z
060500Z
O611OOZ

DTG
06~300Z
070500Z
O711OOZ

LAT
10.6N
11.3N
12.lN
13.ON

LAT
08.lN
08.4N

LAT
17.8N
19.ON
19.5N

LAT
19.5N
20.lN
20.7N

TROPICAL DEPRESSIONS 1968
POSITION DATA

TROPICAL DEPRESSION ONE
28 FEB-29 FEB

LONG llTG LAT
129.6E 290600Z 14.ON
129.7E 291200Z 14.9N
130.IE 291800Z 15.6N
130.6E

TROPICAL DEPRESSION FOUR
2 JUN

LONG DTG LAT
146.2E 021700Z 08.9N
145.OE 022300Z 09.lN

TROPICAL DEPRESSION FIVE
5 JUN-6 JUN

LONG DTG LAT
147.5E 061700Z 19.8N
147.6E 062300Z 20.7N
147.4E

TROPICAL DEPRESSION ONE ONE
6 AUG-7 AUG

LONG DTG LAT
175.3E 071700Z 21.3N
175.OE 072300Z 22.2N
174.8E

LONG
131.lE
132.lE
133.3E

LONG
144.2E
143.2E

LONG
147.lE
146.9E

LONG
174.8E
175.OE
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DTG
2105OOZ
2111OOZ
211700Z
212300Z
220500Z
2211OOZ
221700Z
222300Z
230500Z
2311OOZ
231700Z
232300Z
240500Z
2411OOZ
241700Z
242300Z

DTG
241100Z
241700Z
242300Z

LAT
18.4N
18.4N
18*ON
18.2N
18.4N
18.2N
17.7N
18.2N
18*8N
19.8N
20.6N
20.4N
20.ON
19.8N
19.9N
20.4N

LAT
17.ON
16*6N
16.4N

TROPICAL STORMS 1968
POSITION DATA

TROPICAL STORM NADINE
21 JUL-28 JUL

LONG
128.9E
128.2E
127.8E
128.lE
127.2E
126.2E
126.3E
126.7E
125.9E
125.8E
125.4E
124.6E
124.OE
124.4E
122.7E
122.OE

DTG
250500Z
2511OOZ
251700Z
252300Z
260500Z
2611OOZ
261700Z
262300Z
270500Z
2711OOZ
271700Z
272300Z
280500Z
2811OOZ
281700Z

TROPICAL STORM OLIVE
24 JUL-25 JUL

LAT
21.2N
22.ON
22.4N
22.3N
22.ON
21.4N
21.7N
21.8N
21.9N
22.ON
22.2N
22.5N
22.7N
23.lN
23.9N

LONG DTG LAT
112.3E 250500Z 16.3N
112.8E 2511OOZ 16.4N
113.5E 251700Z 16.8N

LONG
121.6E
120.8E
119.6E
118.4E
117.3E
117.OE
117.2E
116.8E
117.lE
117.6E
118*1E
118.7E
119.5E
120.5E
121.3E

LONG
114.2E
115.lE
116*OE
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I)TG
230500Z
2311OOZ
231700Z
232300Z
240500Z
~41100z”
241700Z
2423002
250500Z
2511OOZ
251700Z
252300Z
260500Z

J)TG
250500Z
2511OOZ
251700Z

BTG
1811OOZ
181700Z
192300Z
190500Z

LAT
23.7N
24.3N
24.5N
24.5N
24.2N
23.4N
22.8N
23.4N
24.4N
24.9N
24.6N
24.7N
25.4N

LAT
31.6N
32.5N
33.8N

LAT
11*6N
11.3N
11.lN
10.9N

TROPICAL STORM TRIX
23 AUG-29 AIJG

LONG 13TG LAT
133.2E 2611OOZ 25.lN
131.9E 261700Z 25.4N
130.8E 262300Z 25.9N
129.8E 270500Z 26.9N
128.9E 2711OOZ 27.lN
128.6E 271700Z 27.8N
129.41? 272300Z 28.5N
130.2E 280500Z 29.4N
130.2E 2811OOZ 30.4N
129.4E 281700Z 31.4N
128.7E 282300Z 32.8N
129.4E 290500Z 34.4N
129.3E

TROPICAL STORM VIRGINIA*
25 AUG-26 AUG

LONG IITG LAT
177.9E 252300Z 35.8N
178.5E 260500Z 38.4N
179.3E

TROPICAL STORM HESTER
18 OCT-20 OCT

LONG DTG LAT
112.3E 1911OOZ 10.9N
111.7E 191700Z 11.3N
111.lE 192300Z 11.8N
11O.4E 200500Z 12.ON

LONG
129.lE
129.5E
129.3E
129.2E
129.6E
129.6E
129.2E
129.OE
129.3E
130.2E
131.6E
134.2E

LONG
180.2E
181.OE

LONG
109.5E
108.5E
107.7E
106.7E

*pAssED T() H~o, PEARL HARBOR AFTER 25/17(Joz.
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Forecast positions for the 24, 48 and 72 hour fOre-
casts are verified only as long as the best track analysis
estimates winds in excess of 33 knots for tropical cyclones
which reach typhoon intensity.

In addition to this method of verifying absolute
error distance, a computation of closest distance to the
best track (right angle error) has been included to indicate
the demonstrated ability to forecast the path of motion
without regard to speed.

The following tables and figures are presented to
graphically depict the distribution of forecasting error in
JTWC forecasts.

FORECAST VERIFICATION
AVERAGE ERROR (NAUTICAL MILES)

1950-58
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

24 HR

170
*117
177
136
144
127
133
151
136
125
105

48 HR

---

*267
354
274
287
246
284
303
280
276
229

72 I-IR

---
---
---
---

476
374
429
418
432
414
337

*FORECAST POSITIONS NORTH OF 35N WERE NOT VERIFIED.

TABLE 4-4
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FORECAS VER FICAT‘ION
AVERAGE ERROR IN NA UTICAL MILES

475

450

425

400

375

350

325

300

275

250

225

200

I75

150

125

100

75

50

25

0-

476

429 4.32
418 414

374

354 111337

303
287 284

2W 276
267 274

/111
246

229

170
177

51
,36 144

133 136
127

117
125

105

505859 60 61 62 63 64 65 66 67 68

FIG 4-3
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FORECAST ERROR TANJLATION (MI) - 1968

24 Hour

Total cases
and overall average

Below 20N
20N-30N
Below 30N
Above 30N

48 Hour

Total cases
and overall average

Below 20N
20N-30N
Below 30N
Above 30N

72 Hour

Total cases
and overall average

Below 20N
20N-30N
Below 30N
Above 30N

NUMBER
OF CASES

516

308
185
493
23

378

172
183
355
23

144

55
78
133
11

MEAN
ERROR (MI)

105

103
10s
104
130

229

201
244
223
325

337

268
383
335
357

TABLE4-5
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DISTANCE BETWEEN OPERATIONAL WARNING
POSITS AND BEST TRACK POSITS

CYCLONE
CYCLONE CASES AVEIUiGE(MI) MAX (MI) MIN (MI)

1.
2.

::
5.
6.
7.
8.
9.
10.
11.
13.
13.
14.
15.
16.
17.
18.
19.

:!:
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

*

T. D.
JEAN
KIM
T. D.
T. D.
LUCY
MARY
NADINE
OLIVE
POLLY
T. D.
ROSE
SHIRLEY
TRIX
VIRGINIA
WENDY
AGNES
*

BESS
DELLA
CARMEN
ELAINE
FAYE
GLORIA
HESTER
IRMA
JUDY
KIT
LOLA
MAMIE
NINA
oRA

3:
23
4
5
18
42
31
6
48
5

1s
20
25
3
51
50

24
36
29
30
31
37
8
19
37
26
19
52
39
32

39
13
17
56
19
13
28
25
11
23
133
32
20
32
4
16
20

20

::
23
14
26
24
22

:;
14
22
20
13

H
62
78
25
42
143
56

;:
153
115

1::
10
55
55

94
93
70
86
32
156
67
44
85
205
27
126

:;

3
3
2

::
1
2
1
2

7:
9
6

ii
o
1

1
1

:
1
2
5
2
1
2
4
3
1
1

LL A-GE .. 21.8

NUMBER 18 ISSUED BY PEARL

TABLE 4-6
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TYPHOON

JEAN
KIM
LUCY
MARY
SHIRLEY
WENDY
AGNES
BESS
DELLA
CARMEN
ELAINE
FAYE
GLORIA
IRMA
JUDY
KTT
LOLA
MAMIE
NINA
OM

1968 AVERAGE FORECAST ERRORS [MI)*

24 HR FORECASTS
ME~
ERROR

33 114
19 72
13 105
29 106
16 84
46
45 1;;
19 89
29 98

87
;: 98
27 100
29
15 2::
33 110

189
;: 122
28 83
29
26 1:;

48 HR FORECASTS
. MEAN

CASES ERROR

25 329
13 161
9 160
22 241
8 171
42 196
35 275
14 179
21 270
20 172
18 229
20 211
21 238
5 880
26 208

375
1: 262
19 174

126
:; 194

AVEWGE ERROR - 24 HR FORECASTS (516 CASES)...105
AVERAGE ERROR - 48 HR FORECASTS (378 CASES)...229
AVERAGE ERROR - 72 HR FORECASTS (144 CASES)...337

72 HR FORECASTS

ERROR

10 556
4 238
2 240
9 502
2 336

18 282
15 394
5 274
8 352
8 305
7 348
8 284
6 379
-- ---
11 297
2 672

490
; 183
9 185
9 280

*INCLUDES FORECAST ERRORS DURING TROPICAL STORM INTENSITY

TABLE 4-7
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1968 FORECAST ERRORS*
[IN TERMS OF CLOSEST DISTANCE TO BEST ‘iHIACK)

TYPHOON

24 HR FORECASTS
NO. OF MEAN
CASES ERRORfMIl

JEAN
KIM
LUCY
MARY
SHIRLEY
WENDY
AGNES
BESS
DELLA
CARMEN
ELAINE
FAYE
GLORIA
IRMA
JUDY
KIT
LOLA
MAMIE
NINA
OM

30
18
14
26
16
47
46

:!
2s

%
32
15
33
18
15

::
28

87

;:
77
74
50
54
40

;:
75
50
48
97
85
86
77

%
81

48 HR FORECASTS
NO. OF MEAN
CASES ERROR(MI)

19 206
12 89
10 90
22 195

166
4: 103
35 158
15 134
18 98
20 147
19 205

109
:! 104

276
2; 128
8 126
10 143
20 78
24 93
23 117

72 HR FORECASTS
NO. OF MEAN
CASES ERROR(MI)

8 428
4 133
3 104
9 439
2 296
18 151
15 259
5 250
8 135
8 271

335
: 172
4 102

---
10 164
2 195
2 222
8
10 1::
10 130

AVERAGE ERROR - 24 HR FORECASTS (527 CASESI...64 MI
AVEWGE ERROR - 48 HR FORECASTS (364 CASESj...l38 MI
AVERAGE ERROR - 72 HR FORECASTS (141 CASES)...211 MI

*INCLUDES FORECAST ERRORS DURING TROPICAL STORM INTENSITY.

TABLE 4-8
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RIGHT ANG1I E

250

225

200

175

150

125

100

75

50

25

0——

236

221

II
172

160

II
80 82

1964 S65

FI

4-19

—

G4

256

229II
160 157

II

71
76

1966 l%’

-5

21I

I
138

I
6.4

7 1968



CHAPTER V

INDIVIDUAL TYPHOONS OF 1968

NOTE. See Appendix A for definitions or clarification of
words or phrases that appear in this chapter.



TROPICAL CYCLONE O~J&;4/06/0500Z TO ~4~i5/~loOZ

I* OATA
A. STATISTICS

1. NuMBER OF wARNINGS ISSUED- 40
2. NuMBER of wARNINGS WITH TYPHOON INTENSITY - 20
3. ToTAL DIslAPJCE TRAvEWJ WRING TROPICAL WARNING PERIOD - 1374 MI

B. CHARACTERISTICS AS A TYPHOON
MINIMUM O~sERVEO SLP - 932Mf3S AT 1103002

2 MINJMUM OBSERVED 700?4tl HEIGHT - 2493M, Al 1103ooZ
3. MAXIMUM SURFACE WIND - 110 KTS [Ffwti BLSI lRACK)
4, MAXIMUM RADIUS OF SURFACE cIRCULATION - 600 MI

11. DEVELOPMENT
A. INITIAL IMPETUS - LOU LEVEL SURGE INTO CYCLQNIC CIRCULATION FROM THE
SOUTH WITH SU13SEQUENT DIVERGENCE AT 200MB LEvEL

se INITIAL SURFAcE VORTEX
1. EMBEODED voRTEX AT 030600Z
2. SURFACE PRESSURE LESS THAN 1005MB

c. 200M13 FLOW A8UVE SURFACE VORTEX
INITIAL - vARIABLE

;: upON REACHING TYPHOON INTENSITY - VARIA~LE

111. FINAL DISPOSITION - BECAME EXTRATROPICAL



-4
.

.
.

+

\

S
-2



5-3



W
I

DTG SPEDI INTENSITY
06 80 TYPHOON JEAN
04 80
03 70
03 65 CYCLONE 02 —
04 60
04 50
04 M BLOW UP
O& M
64 40 44/E?iE 12/23Z-14/23Z APRIL 1968 —

MN

19N

I?N

138E WOE 142E 144E 146E 148E 150E 152E



Ln

Ch

EYE FIXES CWL:W;
UNIT-

FIX
08:2 OBS MIN FI.T lHKNS

METHOD FLT LvL .sFc MIN 700MB LVL EYE ORIEN- EYE WALL
NO. TIME POSIT -ACCY LVL WND wNO SLP HGT TT/TO FOR14 TATION OIA CLOUD

-------------------- -------------------- *-.--*---- ---...---” ----------- -------.-- .-.---.--* --------------------- ----.-----
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

0501132

060144Z

0604252

0612202

061440Z

o621ooZ

0702402

070900Z

0714402

o721o5z

0803002

0608352

0810432

08141)8z

O821O5Z

090233Z

090235Z

0909002

0914022

O921OOZ

1000OOZ

1002OOZ

1004OOZ

1006ooz

05*0N 155.OE SI.TLS STG B DIA ‘- BNDS -

06.oN 156.oE sLTLS STG C DLA ‘- BNDS -

0507N 156,6E

06.lN 1s6,7E

06.3N 1s603E

07.oN 155.6E

07.4N i55.3E

07.8N 155.lE

073.3N 154.7E

0803N 15306E

09,0N 153*OE

lo.oN 15206E

11.ON 153oOE

09.6N 152.lE

09.7N 151.3E

10,SN 151.5E

10.2N 151.3E

10.3N 150.8E

10Q9N i5006E

11*6N 149.6E

11.8N 149.2E

12.ON 14809E

12*2N 148*8E

54-P-05-01

VW-P-05-01

VW-P-05-01

54-7J-05-01

54-P-00-01

VU-P-O5-1O

VW-P-05-03

54-P-25-lo

54-P-05-05

VW-P-1O-O5

0460M

O31OM

0340M

700MB

700MB

031074

700MB

0450M

0460M

0400M

SLTLS STG X

VW-P-1O-JI) 700M13

54-P-10-05 700MB

SLTLS STG X

54-P-1O-O1 7ooM13

VW-P-05-03 0350M

VW-P-15-01 7oout7

54-P-02-(JI 700Mti

54-P-01-01 7ooMti

54-P-01-01 7ooMd

54-P-03-03 700MM

025 025

025 022

030 025

040 02s

040 038

030 028

034 035

047 035

035 045

045 050

000

000

000

994

994

998

993

992

989

987

l)lA 04 BNoS 2

l)4i) --- 991

078 055 975

DIA 03 BNDS 4

0/0 070 967

--- 105 960

--- --- 954

070 090 950

075 ob5 950

ois5 120 948

0Y5 095 940

3063

---

---

3042

3039

---

3074

3011

3011

3010

2996

2883

2816

2770

2710

2667

2637

2591

2542

22/23

24/--

23/21

13/10

12/11

25/22

13/09

24/23

26/23

24/2 1

17/13

17/13

17/14

24/21

17/10

17/14

17/08

18/10

20/11

ELIP

----

----

ELIP

ELIP

----

ELIP

CIRC

CIRC

CIRC

CIRC

CONC

CONC

CIRC

CIRC

CIRC

CIRC

CIRC

CIRC

li?.3N 148o7E 54-+03-02 700Mt3 li~ 09s 935 2539 19/11 CIRC

NW-Sk

NE-SW

NE-SW

NE-SW

. ..-

----

----

----

----

----

----

---.

----

----

----

70X40

40X30

45X20

40X12

40

30

30

30

35-10

35-05

10

35

40

30

30

30

30

N.F.8.

F.B.

N.F.B.

N.F.B.

N.F.B.

F.Bo

F.BO

F.B.

F.B.

F,B.

F.B.

F.B.

-.

0s

07

-.

--

--

10

--
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FIX
NO. TIME

“NITEvE FIXES CYCLON
FLf 0S!2 OBS MIN. FLT

METHOD FLT
lHKNS

Posx T
LvL SFC MIN 700f4B LvL EYE ORIEN- EYE WALL

-Accv LvL WNo wNO SLP HGT 11/10 FORM TATION L)IA CLOUO
--------- --------* . . . . . . . . . ..----.-.---...--”- ---------------------------- --------------------------- -----------------

49

50

5]

52

53

54

55

56

57

58

59

60

61

62

63

64

6!3

66

67

66

69

70

71

72

1103O5Z

1104OOZ

11043OZ

1105OOZ

110524Z

11053OZ

1106oOZ

11063oz

1107002

110732Z

1108002

1108302

1109OOZ

lio900z

11093OZ

111OOOZ

111OOOZ

11103OZ

1111002

11I1OOZ

1111302

1112002

1112002

1115152

14.4N 146.2E

140SN 146.lE

14*6N 146ilE

14*7N i4600E

14.9N 146.OE

14,7N i46.OE

1408N 146,0E

14,9N 14509E

1409N 145o9E

15.ON 1450@E

15*oN 145.8E

15*1N ~45.8E

1502N 14508E

15.2N 14507E

15*2N 145*7E

15s3N 145.7E

1502N A45.6E

1503N 145,7E

15,4N 1A507E

15*4N 145*4E

1504N 14506E

15,5N 14506E

15.6N 14503E

1!$+9N 14501E

LND ROR

LNO ROR

LNO RDR

LNO RDR

54-P-01-01

LNO ROR

LNO RDR

LNO ROR

LNO RDR

LNO ROR

LNO ROR

LNO ROR

LNO ROR

VU-P-01-01

LNO ROR

LND ROR

vw.R..-...

LNO ROR

LNO ROR

v#.R.- . . . .

LNO ROR

LND RDR

VW-R ------

VW-P-02-01

700146

700MB

700MB

700MB

700MB

700MB

---

-..

---

---

105

-..

---

---

. . .

..-

---

---

----

100

-..

---

..*

---

---

---

----

.-.

.-.

080

-..

---

---

.“.

140

-..

.*.

..-

.-.

.-.

.-.

-*.

-*.

050

. . .

-..

-..

..-

..-

-..

-“-.

---

..-

. . .

..-

---

---

..-

-“-

..-

“.-

---

---

. . .

.-.

---

---

937

. . .

*--

-..

---

-..

. . .

---

---

---

950

.-.

---

---

.-.

2472

---

-..

---

..-

---

-..

-..

---

2464

---

---

.-.

---

---

---

---

---

. . .

2591

--/--

--/--

--/-.

--/--

20/14

.-/--

/-* .-

-=/-*

-./-.

.-/-.

--/--

/-- --

.-/--

20/13

/-- --

--/--

--/.-

/-- --

--/-.

/.- -.

-./--

--/--

--/--

19/11

---- -.

---- --

---- --

---- .-

CIRC ---- 30 -..

----

..”-

--”-

----

----

----

----

----

CIRC ---- 34

----

----

----

----

----

----

----

----

..*-

CIRC ‘--- 35
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TP(~PICAL CYCLONE 0? -- 04/06/05007” TO 04/15/11002”
POSITJON A~13 Foi?fCAST vERIFIcATION IJ4TA

ST(IQM POSITION ?4 Hi?. ER~OR 48 HR. El?l+OQ 72 HQ. EI?!?C)L?
ljTG I_&T. LONG. n~G. mST. r)FG. DISJ’. DEG. OIST.

------- ------. ------- ------- ------- ------- ------- ------- ------- -----

07.!5N i55.lE
07.9N 154.5E
08.3N 153.9E
OF?.7N 153.3E

09.2N 152.7E
0~.4N 15?*3E
09.7N 151.8E
10.ON 151.4E

10.3PJ 151.lF

10.6N 15006E
11.(JN 150.lE
11.6N J49.4E

12.2N 149.7E

l?.8N 14tI.lE
13.3N 147.4E
13.8N 146.6E

14.7N 14(i.lE

15.3N i45.5E
16.ON 145.OE
16.7N 144.8E

17.4N 144.8E
lR.2N 145.oE
19.ON 145.lE
~9.8N 145.?E

?o.lN 145.5E
?n.3r* 145.4F
20.6N 14’3.3E

21.ON 145.oE

2[).9N 144.6E

?O.E)N 145.lE
21.2N 145.?E
?l.6N 145.3E

21.9N 145.4E

24 HOUR ERROR -

48 houl? liRf?rlt? -
72 HOUR ERRUM -

056-0072
060-0078
070-0102
064-0048

090-0030
078-00s4”
06’7-0054
090-0012

s33-0]32

344-0174
346-0102
064-0f)12

(lR4-f)054

104-OO72
096-0]02
083-0138

094-0]50

(-177-o~34
075-0228
112-()]7+

068-0174
071-0156
061-0108
106-oo6LJ

f)69-o(19tl
062-0174
063-0192
059-021b

047-0?16

041-0174
r)46-oIoti
042-007H

116-0012

0114 MI.

0329 MI.
05S6 MI.

------- -
------- -
------- -
------- -

------..-

------- -
------- -
-------- -

031-0030

053-0066
052-0072
090-0024

004-02i)4

()?4-0256
c)33-ulr4
[)H8-0135

090-0186

096-u204
n92-(~258
084-0335

0R3-0414
(}86-0455
08e-u492
]00-0390

(377-0496
n74-(15iU
072-0496”
076-0390

060-U4bb
058-0526
058-060U
056-055~

049-0492

--------

------- -
--------
--------

------- -

------- -
--------
--------

------- -
--------
------- -
--------

072-0072
--------
oR1-o138
------- -

0S3-0420
------- -

069-0468
-.----- -

079-0468
------- -

08f3-0498
--------

085-0750
------- -

088-0810
------- -

------- -
--------

074-1014
-----q- .

059-0924

5-9
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TRoPICAL CYCLONE 03(K;M35Z30z2300Z 10 061~5~~100z

10 OATA
A, STATISTICS

NuMBER OF tiARNINGS ISSUED - 23
:: NUMBER OF WARNINGS WITH TYPHOON IP4TENbiiv - 16
3. ToTAL OlslANCE TRAvELED DURING TROPICAL wARNiNG PERIOD - 1164 Mi

B. CHARACTERISTICS AS A TYPHOON

MINIMUM OBSERVEl) SLP - 94BMBS AT 030Z402
& MINIMUM OasERVED 700MB HEIGHT - 2654M. Al 0308562
3. MAXiMUM SuRFACE WINO - 100 KTS (FROM BEST TRACKI
4. MAXiMUM RADIUS OF SURFACE Circulation - 4Z0 MI

Ii. DEVELOPMENT
A. INITIAL IMPETus - UNSTABLE EASTERLY NAVE U~UkR 200MB DIVERGENCE

B. INITiAL S(JRFAcE vORTEX
1. EMBEDDED vORTEX AT 2900002
2. SURFACE PRESSURE LESS THAN 1009MB

C. ~OOMe FLOW ABOVE SURFACE VORTEX
iNITiAL - sOUTHWEST

;: UPON REACHING TYPHOON INTENSITY - NORT~tiAST

III, FINAL DISPOS!TIU~ - BECAME EXTRATROPJCAL
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EYE FIXES CVCL;()~
uNIT- 08:3 08s

FIX
MIN FLT THKN5

METMOO FI.T LVL Sfc MIN 700MB LVL EYE ORIEN- EYE
NO● TIME Posit

blALL
=ACCY LVL WNO. wND SLP H(3T TT/10 FORM TAT1l)N 01A CLOUO

---------- -*----.-*-- ---------- --..--*-”. ---------- --..----*.- --------------------- -------------------- ----.--------.-:-.
1

2

3

4

5

6

7

0

9

10

11

12

13

14

Is

16

17

18

19

.2(I

21

22

23

24

3007392

310743Z

3109I6Z

3120002

3120502

0102212

O1O9OOZ

0114302

O121O1Z

0202002

0208502

0214302

O221OOZ

0302402

030603Z

0308002

0308562

0314152

0320502

040205Z

0407002

O4O91OZ

0415102

0421192

13.OPJ 140DOE sI.TLS ST(3 x OIA 05 BNDs 1

14*3N 136.5E

14,5N 136.2E

1505N 13409E

15.lN 135tlE

1508N 13402E

16.5N 133c2E

17.ON 133.lE

17.3N 132.6E

17.8N 132a4E

1801N 13202E

18.7N 13201E

1902N ~3202E

19.8N i32QlE

2000N i3200E

2003N 132*3E

20.8N 132*2E

21.lN 13204E

22o3N 133.2E

23.4N 133.8E

25OON 135*OE

24*8N 134*9E

25.2N 135*9E

2b,5N 137.lE

54-P-03-01

VU-P-05-01

54-R. . . . . .

54-%05-02

54-P-05-02

VW-P-02-02

VW-P”02-OS

54-P-03-01

54-P-03-01

VW-P-05-03

VW-R-03-10

54-P-03-03

54-P-03-01

0460M

2890M

3290H

2940M

700MEI

0270M

700MB

7ooMt3

7ooMtl

0230M

700M8

7ooMtJ

700MB

SLTLS S16 X

VW-R-lO--- 0590M

VW-P-05-05 7ooklk)

VW-P-05-05 700MB

54-P-03-05 7ooMkl

54-P-01-03 700MM

SLTLS STG X

VW-P-05-05 0450M

VW-P-03-05 700M6

54-P-03-03 700M6

090 070

040 060

0+5 ---

080 070

085 080

065 065

--* -..

058 070

070 070

110 100

--- ---

090 100

105 110

994 ---

--- ---

..- ---

972 2862

974 2862

981 ---

981 2947

974 2883

972 2853

968 ---

--- ---

958 2737

948 2658

DiA 04 BNos 4

--- . . . ---

.-. 085 949

--- . . . 956

095 075 954

090 090 9s8

I)lA 04 BNDS 3

..- 100 971

--- --- 983

033 075 982

*-*

2654

2711

2691

2719

---

2948

2923

24/22

19/14

-./--

19/16

20/14

27/24

17/11

16/09

17/09

27/24

*./..

19/07

18/08

.-/..

19/09

16/09

15/13

15/10

24/23

18/10

16/13

CIRC

CIRC

----

CiRc

CIRC

cIFfc

CIRC

CIRC

CIRC

CIRC

CIRC

CIRC

CIRc

----

CIRc

CIRC

CIRC

CIRc

CIRC

CIRC

----

----

*---

----

.--”

----

----

----

----

---*

----

----

. ..-

----

----

----

----

----

----

(J5

10

20

25

25

25

20

20

20

30

20

20

14

15

25

35

33

35

..-

--

- .,

05

--

--

.-

. .

--

.-

--

--

-.

. .

--

-.

--

--

.-

-.

F.El.



EYE FIXES CYCL~t4~
UNIT- 0B;3 oi)s M1r4 FLT TIIKNS

FIX METHOD FLT Llfi SFC MIN 700MB LVL EYE ORItN- EYE WALL
NO. TIME PosIT -ACcy LVL WND wND SLP HGT TT/tO FORM TATION I)IA CL(NJO

--------------------- -------------------- -------------------- -------------------- -------------------- ---------------------
2S 0502302 2701N 13706E 54-P-03-10 700MB 050 070 988 3021 17/09 ---” F.tio

26 0509002 2800N 139*3E vW-P-05-05 0270M --- 05s 996 --- 22/18 ---- --



TROPICAL CYCLONE 03 -- 05/30123007 TO 0610511100z
pc)sITION ANf) FoRECAsT VERIFICATION DATA

ST(II?M POSITION Z4 t-IR. ERROR 48 I+R. ERROR 72 14R. ERROR
DTG LAT. LONG, 13FG0 i_)IST. DEG. OIST. oEG. DIST.

------- --------------------- -------------- ---------------------- ---c

‘302~nnz

31O’=)OOZ
311100?
3117007
3123007

010s002
Olllooz
011700Z
0123002

020500Z
O2I1OOZ
0217002!
Ozz=lnnz

030500Z
031100Z
0317002
0323002

0405002
0411007
0417002
04Z!300Z

0505007
051100Z

13.9N

14.2N
14.5N
14.8N
15.5fu

lf5.lN
16.7N
17.lN
17.5N

17.8N
19.4N
l?.9N
19.4N

20.ON
2i).8N
21.6N
22.7N

24.ON

25.ON
25.8N
26.7N

27.4N

2R.2N

A37.5E

136.f3E
136.IE
135.5E
134.6E

133.7E
133.lE
132.7E
132.5E

132.4E
132.3E
132.2E
132.2E

132.lE
132.3E
132.6E
i33.3E

134.2E

135.3~
136.3E
137.3E

138.3E

139.5E

AVE!?AGE 24 HOUR ERROR -
AVEOAGE 48 HOUR ERROR -
AVERAGE 72 HOUR ERROR -

------.-

--------
-----e- -

------- -

290-0120

?90-0120
255-0042
270-0078
----0000

311-0072
?99-0]08
296-0066
279-0072

296-0048

232-0072
231-0084
207-0076

190-0036

324-0048
27O-OO66
247-0042

024-0114

013-0108

007? M1.
0161 MI.
0238 MI.

--------

-..--=..--

--------
--.---.-
--------

--------
.---.---
z-------

---e----

--------

?80-0126
295-0138
333-0048

?93-0102

?89-013$
268-0138
255-018u

247-0174

230-0306
229-0324
218-01B6

150-0048

024-0192

-------s

--------

------- -
-----a- .

--------
-------s

--------

.-------

--------

--------

--------

--------
--------

324-0120
--------

256-0192
--------

255-0282
--------

247-0360
--------

5-18
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TRoPICAL CYCLONE 06 - 06/27/23002 TO 0?Zo2/0500Z
(LUCY)

1. DATA
A. STATISTICS

NuMBER Of wARNINGS ISSUED - 18
:: NUMBER of WARNINGS WITH TYPHOON INTENsITy - 10
3. ToTAL DISTANCE TRAvELED DURING TROPICAL aARNING PERIOL) - 1404 MI

13. CHARACTERISTICS AS A TYPHOON
1. MINIMUM OdSERVED SLP - 935MBS AT 2921134
2. MINIMUM O$SERVEO 700MB HEIGHT - 2536M. Al 2921132
3, MAXIMUM SURFACE WIND - 110KTS (FROM BEST TRACK)
4. MAXIMUM RADIUS OF SURFACE CIRCULATION - 360 MI

11. DEVELOPMENT
A. INITIAL IMPETus - FRACTURE OF A POLAR TROUGH AND AN EASTERLY WAVE

6. INITIAL SURFAcE VORTEX
EMBEDDED VORTEX AT 23UOOOZ

& SURFAcE pRESSURE LESS THAN 1008MB

C. 200M8 FLOW ABOVE SURFACE VORTEX
INITIAL - NORTHEAST

:: UPON REACHING TYPHOON INTENSITY - SOUTHkASl

111. FINAL DISPOSITION - DISSIPATEll OVER WATER
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EYE FIXES CYCL:~;

FIX
UNIT- 06:6 OBS MIN FLT THKNS

METtiuO FLT LVL
NO, TIME

SFC MIN 700MB LVL EYE ORIEN- EYE UALL
PoslT -ACCY LVL UNO HND sLP HGT TT/To FORM TATION OIA CLOUO

---------- -.-*----- --------------------------- ------------------ -------*- --------------------------- ------------------

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

280130Z

2803s52

2806282

280830Z

281400Z

2820s92

290246Z

290705z

29091oZ

291345Z

29t~30Z

292113Z

3002452

3007422

3OO91OZ

3o1430z

3021 15Z

O1OOO6Z

O1O3OOZ

O1O819Z

O1OE3OZ

011200Z

011430Z

01151)7Z

15e5N 143*8E

15*5N 14302E

1600N 142cOE

16.2N 14108E

1605N 14097E

1608N 13800E

17,5N ~3602E

L8,0N 134,5E

1802N 134*6E

1808N 13300E

18c6N 133*3E

19c2N 131,7E

19*6N 130+9E

21-ON 130.OE

20c3N 13000E

20s7N 12904E

2103N 12902E

2107N i28.9E

22.2N 128*8E

21*5N 1z800E

23CON 128,7E

23*9N A28.5E

2401N i2806E

24*2N 128*6E

54-P-02-02 700M13

54-%02-01 700MH

SLTLs STG K

VW-p-05-03 0290M

VW-R-1O-O5 700MB

54-p-03-02 700)ltl

54-P-03-03 7ooMtj

SLTLS ST(3 X

VW-P-05-05 700MLI

vU-R-OS--- 700Me

VW-R-OS--- 700Ms

54-P-02-02 700M13

54-%02-01 700Mi3

SLTLS STG X

VW-P-03-05 700HB

VW-P-03-05 7oo!ki

54-P-03-03 700MB

54-F’-O3-O3 700M13

54-P-03-03 700HB

SLTLS STG X

VW-P-03-01 0440M

VW-P-09-01 700HB

vw.p.02--- 700MB

VW-P-03-03 7ooMtl

055 045 999

050 055 993

OIA U2 BNDS 2

073 070 997

. . . --- ---

04’7 055 987

065 065 976

OIA 03 BNDs 3

--- 085 9?6

--- --- ---

--- --- . . .

070 i20 935

06s 080 947

DXA 03 BNDs 2

--- 1(IO 965

. . . . . . 968

Oes 120 974

063 065 976

041 0“?0 979

OiA 03 BNDS 3

060 045 983

037 .*. 989

047 --- ..-

047 --- 989

3054

3011

---

---

2984

2874

2859

..-

.-.

2536

2661

2832

..-

2862

2899

2911

---

2913

3018

3018

11/-- CIRC

12/08 CIRC

28/23 CIRC

--/14 CIRC

14/08 CIRC

13/10 CIRC

14/-- ----

*-/-- ----

--/10 CIRC

21/09 CIRC

25/09 CIRC

18/14 CIRC

16/12 CIRC

13/12 ----

20/13 ----

19/13 ----

27/25 ----

14/13 ----

I-- . . ----

17/12 ----

----

----

*---

----

----

----

----

..*.

----

----

----

20

15

20

18

10

14

07

10

15

20

14

-.

--

--

--

--

--

-.

--

--

.-

..-

--

07

F,ij,

F.B.

F,Bs

N*F*B.

N.F.M.

--

F*BO



m
“.

IL.
z4

6I*:
:

Aa:m
>
Z

le
-!s1

0
I

0.I
-
4

0+*In

0d-4m

0N0

i$In
x

*IN
-0

1
I&

z:

n

Iv

ik

\



TROPICAL CYCLONE 06 ‘- 06/27/2300Z TO O?/02/0500Z
POSITION AND FORECAST VERIFXCAT~ON OATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR 72 HRo ERROR
OTG LAT. LONG. DEGo DIST. DEG. DISI* DEG. DIST.

---------------------------- ------------------------ -------- -------e

272300Z

280500Z
2811OOZ
281700Z
282300Z

290500Z
2911OOZ
291700Z
292300Z

300500Z
3011OOZ
3oi700z
302300Z

O1O5OOZ
Olllooz
011700Z
012300Z

15*1N

15,8N
16.2N
16.5N
17.lN

17.7N

18*3N

18.8N
1903N

1909N

20.3N
20.8N
21,5N

22.5N

23.5N
24.5N
25.8N

144.5E

142.8E

141.2E
139.3E
137.3E

135.6E

134.lE
132.7E
131.4E

130.5E

129.8E
129.3E
128.9E

128.6E

12806E
128.7E
128.9E

---.--s-

---.----

--------
--------

094-0084

123-0150

}19-0144
121-0156
108-0036

308-0036
316-0072
314-0072
270-0066

213-0078
240-0162
223-0168
208-0150

--------

--------

--------
.-.-----
--------

--.-----

-..------
--------
102-0168

123-0228

129-0174
134-0186
237-OOIU

276-010~
270-0138
267-0186
232-0234

---..-*-

--------

--------
---”----

--------

.-------

.-------
--------
“.--.---

-----.--

--------
.-------
-.------

151-0222
--------
177-0258
-.------

AVERAGE 24 HOUR ERROR - 0105 MI.

AVERAGE 48 HOUR ERROR - 0160 MI.
AVERAGE 72 HOUR ERROR - 0240 MIs

5-26
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TROPICAL CYCLONE 07 - 07/20/05002 TO O7I3OI11OOZ
(NARY)

10 OATA
A. statistics

NuMBER OF wARNINGS ISSUED - 42
2; NuMBER OF wARNINGS UitH TYPHOON lNTENSITY - 22
3. ToTAL OISJANCE TRAVELED DURING TROPICAL WARNING PERJOO - 1932M

B. CHARACTERISTICS AS A TYPHOON
MINIMUM OBSERVEO SLP - 924MBS AT 232100Z

;: MINIMUM OBSERVED 700M13 HEIGHT - 2441M* AT 240230Z
3. MAXIMUM SURFACE UINO - 130 KTS (FROM BEsl TRACK)
4. MAXIMUM RADIUS OF SURFACE CIRCULATION - 400 Ml

11s DEVELOPMENT
A. INITIAL IMPETUS - DEVELOPMENT OF DIVERGENCE AT 200MB LEVEL OVER
SURFACE CYCLONIC CIRCULATION

0. INITIAL SURFAcE VORTEX
JuNCTION VORTEX AT 1806002

:: SURFACE PRESSURE LESS THAN 1007MB

C, 200MB FLOW ABovE SURFACE VORTEX
INITIAL - sOUTHEAST

:: UPON REACHING TYPHOON INTEtIJSJTY - NOR~H

III. FINAL DISPOSITION - DISSIPATED OVER UATER
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BEST TRACK “’”””’

CYCLONE 07

20-30 JULY 196B

LEGEND
6 HR BEST TRACK POSITS
AIRCRAFT,SATELLITEOR
LAND RADARFIXES

I
-+-+t

TYPHOON MARY . ~
*. ’.-
4 ‘:0”
+ .+

-+–1- -- ! I

,.—
I
L.

SPEED
INTENSITY
TYPHCON OR TROPICAL STORM
TROPICAL DEPRESSION
FORMATIVE STAGE

.-

!.1;.

.
170.

.1

-F--

1-

+

‘1” ~.

,1=---i-J-J-
‘wAK”j-245

.,—

170.

+“-~”
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FL; 0tl!!7 08S MIN
EYE FIXES CYCLON

UNIT- FLT THKNS
FIX METHOD FLT LVL SFC MIN 700MB LVL EYE ORIEN- EYE MALL
No. TIME Pos[T -ACCY LVL WND wND SLP HGT TT/To FORM TATION l)IA CLOUD

-c------- ---------------------------- -+----*-- ---------------------------- --------------------------- ------------------ L-

i

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2001102

2006412

200905Z

2012302

2015202

2021302

210255Z

210718z

210926Z

2114152

212105Z

‘2202412

2205592

2208352

Z21440Z

2220432

2302472

2306382

2308472

23]1302

2314302

2321oOZ

2402302

240715Z

1400N 14900E 54-P ------ 0430M 020 020 002 ---

1500N 14900E SLTLS STG X OIA ~2 BNDS 2

14*5N i4800E VW-P-05-05 0460M 016 0?0 998 3102

14,5N 14800E VW-R ------ .-* --- --- ---

--/-. ---- N.F*B*

F.B,

--

N.F,f3.

F.Bt

-.

.-

-.

--

--

04

06

--

&-

*-

F.Bn

--

08

--

24/25

--/--

CIRC

----

----

Nu-hE

N-S

N-S

----

----

N-S

----

----

----

----

----

NE-SW

----

----

----

----

--

4oxi!8

40x25

30X15

18

30

40X30

25

45

10

10

15

20X14

20

15

20

10

15,0N 148,2E

15s6N 147*3E

16.lN 14608E

1600N i46,0E

17*2N 1+6*4E

17*6N 145c6E

17.8N 14500E

III*2N 14404E

19*ON i4600E

18,8N 14308E

vW-p-05-15 700MB

54-P-O3-1O 700MB

54-P-1O-O5 700MB

SLTLS STG X

VW-P-03-03 0460M

VW-R-05-15 0460?4

54.P-03-03 700M8

54-P-03-03 7ooMb

SLTLS STG X

VW-P-03-U3 0450M

020 --- 004

035 025 99+

035 050 ’986

OiA 03 BNDS 2

039 040 9/;5

048 --- ---

045 050 983

050 055 976

DIA 04 8NoS -

085 085 964

3078

3030

2987

ELiP

ELIP

ELIP

10/09

09/--

12/10

24/23

“Q/--

16/12

16/12

CIRC

CIRC

ELIP

CIRC

---

---

2926

2887

2842 26/33 CIRC

18,9N 143,0E

1903N 14206E

1905N 141.2E

VW-R-02-03 700MEI

54-%03-02 700MB

54-P-03-05 700MS

SLTLS STG X

VW-P-05-05

--- --- ---

080 080 952

060 080 951

OIA 05 BNDS 4

-.. 090 947

-..

2676

2667

.-/..

20/15

17/15

CIRC

CIRC

CIRC

20,0N 142QoE

2000N i42.t?E

2000N 12508E

26/25

15/11

18/15

20/14

20/14

ELIP

CIRC

CIRC

CIRC

CI’RC

---

3012

2595

2445

2441

VW-P-O5-1O ‘Ook!e .-. --- ---

20.2N 14105E VW-P-05-05 7ooM13 065 --- 941

100 115 924

135 130 924

OIA 07 BNDS 4

2007N 140.9E

20.9N 140w9E

22.5N 14005E

54-P-01-01 700M8

54-P-03-01 ‘Oome

SLTLS STG X



“NITEYE FIxES CYCL~~$ “B~7 ~BS. MIN FLY THKNS
FIX ::4::0 FLT LVL SFC MIN 700MB LVL EYE

TIME
ORILN- EYE WALL

NO● POSiT LVL WNO wND SLP HGT TT#TO FORM TATIQN 01A CLouD

WI

k
w

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

240807z

2414s32

242112Z

250230Z

2506022

25091OZ

251200z

2515152

‘25211OZ

252350Z

260210Z

2606392

26091OZ

261230Z

261415Z

262101Z

270001Z

270253Z

270716z

2708502

27121OZ

271410Z

2720592

280253Z

2106N 14004E

23*ON 13900E

23.6N 13807E

24.lN 138*1E

25oON 137s5E

24D7N 137s2E

24.8N 136*8E

24,9N 136v7E

25*8N 136*8E

26oON i36s6E

26*5N 136c8E

2705N 136,5E

27soN ~3600E

28.4N 136*8E

28.5N 13509E

29.2N 13500E

29.5N 134,9E

29.7N 134G7E

30.oN 135,0E

3000N 135,0E

30.AN 135,0E

30.4N 134*8E

31*ON 135,2E

31*8N 13402E

VU-R-01-05

VW-P-1O-O5 700MB

54-P-05-05 700MI)

54-P-05-05 700MB

sLTLS STG X

VW-P-05-05 024DM

VW-R-O5-1O

VW-R-O5-1O

54-P-O4-1O 700MEI

54-P-02-05 700MB

54-P-O3-1O 700M8

SLTLS STG X

VW-p-03-10 0460M

VW-P-30-15 700MB

vW-P-30-20 700Mt)

54.P-03-15 700MB

54-p-01-06 700MB

54-P-01-15 7ooMtJ

SLTLS STG X

VW-F9-O5-1O OISOM

VW-P-05-10 700MB

VW*P-05-10 700HB

54-P-03”03 7C40MH

54-P-03-15 7oof411

--- --- ---

080 --- 950

070 040 933

080 055 946

DIA UT BNoS 4

080 065 951

-*- -.. .-”

--- .-* . . .

065 --- 951

050 045 957

055 040 958

OIA 05 BNDS 3

--” 065 963

--- --- 972

.-. . . . 966

040 040 966

065 --- 966

040 035 967

DIA 04 BNoS 3

035 035 971

045 --- 964

--- --- ---

Ohs 035 969

03s --- 973

---

2560

2563

2624

2738

---

---

2682

2704

2713

-..

2847

2806

2810

2816

2835

2896

2914

2911

2841

2062

--/--

18/14

18/12

16/12

25/24

--/.-

.-/--

17/12

16/11

16/11

26/25

16/14

17/15

14/14

15/13

15/13

25/24

15/12

16/15

16/13

15/14

CIRC

CIRC

CONC

CIRC

ELIp

CIRC

ELIP

CIRC

CIRC

CiRC

CIRC

CIRC

CIRC

CIRC

CIRC

----

--”.

----

----

CIRC

.-*-

----

----

----

Nw-SE

----

NE-SW

----

----

-----

----

----

----

----

-e.-

.-..

12

12

70-20

70

6(Ix45

70

60x50

30

30

30

10

20

30

30

30

10

--

-.

-.

.*

N,F.8.

F.@.

F.B,

-.

--

--

--

--

-.

F.8,

F,M,

F.13.

F.130

--

-.

--

-.
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TROPI AL CYCLONE 07
b

-- 07/ZO/0500z TO 07/30/llooZ
OSITION AND FORECAST VERIFICATION CIATA

STORM POSITION 24 HR* ERROR 48 HR. ERROR 72 HR. ERROR

DTG LAT. LONG. DEGc DIST. DEG. DIST. DEG. OIST.
----------------------------- ------------------------- -------- e-----

202300Z

2105OOZ

2111OOZ
211700Z
2123002

220500Z

2211OOZ
221700Z
222300Z

230500Z

231100Z
231700Z
232300Z

240500Z
2411OOZ
241700Z
242300Z

250500Z
2511oOZ
251700Z
252300Z

260500Z
2611OOZ
261700Z
262300z

270500Z

2711oOZ
271700Z
272300Z

2tI0500Z

15.7N

16.4N

17.2N
17,6N
18*1N

18.4N

18.7N
19.ON
19.4N

19.8N

20.ON
20 .4N
20.8N

21.4N

22.ON
22.7N
23.4N

24.IN
24.8N
25.5N
26.3N

27.IN
27.8N
28.4N
29.ON

29.6N

30.lN
30.7N
31.3N

32.lN

147.2E

146.8E

146.2E
145.5E
144.8E

144.lE

143.5E
143.oE
142.6E

J42.3E

142.OE
141.4E
141.lE

140.6E
140.oE
139*3E
i38.4E

137.6E
137.oE
136.8E
136.5E

136.lE

135.7E
135.4E
135.lE

135.OE
135.lE
135.lE
J34.7E

134.2E

--------

242-007z
228-0102
221-0108
199-0036

283-0102
284-0114
201-0150
288-0090

274-0078
273-0090
257-0102
242-0072

254-0288
255-0294
249-0312
169-0096

147-0174
165-0144
214-0138
270-0006

252-0018
247-0042
237-0060
196-0066

214-0042
238-0054
258-0054
341-0108

333-OO66

--------

--------

----.-0-

--------

-.----.-

--------

--------

--------

263-0048

275-U342

273-0376
zTS-040i?

270-OJ*t?

~bl-0204

248-01?4
Z34-OZ1O

198-01S6

240-0438

241-04S0
z~9-0498

177-024U

177-0288

190-03J8
213-0354
Z62-004Z

244-0036

260-()()96

Z44-Oli?U
z23-0114

236-0072

--------

--------

“-------

--------

--------

--------

--------

--------

.---.---

.-------

--------

----.---

--------

262-0594
--------

263-0636
--------

240-0312
--------

219-0354
--------

235-0708
--------

224-0822
--------

192-0444
--------

218-0594
.---v---

254-0060

AVERAGE 24 HOUR ERROR - 0106 MI.
AVERAGE 48 HOUR ERROR - 0241 Ml*
AVERAGE 72 HOUR ERROI? - 0502 MI.

5-3s
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TROPICAL CYCLONE 13 - 08/16/23002 TO OtJ/dl/1700z

(SHIRLEY)

I* DATA
A. STATISTICS

1. NuMBER OF wARNINGS ISSUED - 20
2. NuMBER OF wARNINGS W17H TYPHOON INTENSfIy - 02
3. TOTAL DISTANCE TRAVELED DURING TROPICAL UARNING PERIOU - lzle MI

9. Characteristics AS A TYPHOON
MINIMUM OBSERVED SLP - 962MBS AT 1821302

;: MINIMUM 08sERVED 700MB HEIGHT - 2790Ms AT 2~03202
3. MAxIMUM SURFACE WIND - 065 KTS (FROM fIES~ Tl?ACK)
4. MAXIHUM RADIUS OF SURFACE CIRCULATION - 360 MI

11. DEVELOPMENT
AQ INITIAL IMPETUS - DEVELOPMENT OF DIVERGENCE AT 200MB LEVEL OVER
SURFACE CYCLONIC CIRCULATION

6. INITIAL SURFAcE VORTEX
JUNCTION VORTEX AT 1406002

& SURFACE PRESSURE LESS THAN 1006MB

C. 200MB FLOW AUUVE SURFACE VORTEX
INITIAL - EAST

;: UPON REACHING TYPHOON INTENSITY - NORTHEAST

III, FINAL DISPOSITION - OISSIPATEO OVER LAND
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EYE FIXES CYCLONE
uNlT- FLT ot3$3 Otl$ MIN FLT THKNS

FIX METHOD FLT LVL SFc MIN 700MB LVL EYE ORIEN- EYE MALL
NO, TIME F’oslT -ACCY LVL UNO WND SLP HGT TT/TO FORM TATION OIA CLOULI

---------------- -.-”---- ------------------------- “------- -------- .---*--- ---------------- -------- -------- -------- --.-..--

16.4N ~32.oE 54-p-02-05 0390M 030 030 001 --- 26/25 CIRc ---- 30 --

20 --

--

-—
i
2

3

4

5

6

7

e

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

1623i5z

1703032

170900Z

171400Z

172103z

180209Z

180725Z

I8101OZ

181202Z

182130Z

190247Z

190800Z

191OOOZ

1910182

191300Z

19131OZ

19i550z

191556Z

192012Z

200300z

2004512

2006492

200839Z

200850Z

15.6N 130.9E 54-+02-10 700MtI 037 030 005 3103

16.4N 12908E VW-lO-10 0250N 025 025 997 ---

1600N 12900E VW-P-lO-10 0250M ‘-- oi!5 996 ---

1509N 127*3E 54-P-05-03 700HS 050 --- 991 2996

15.7N 12602E 54-P-05-03 700Mb 050 040 987 2987

16.ON 125.OE SLTLS 5TG - DIA 03 13NoS2

11/10 CIRc ----

27/26 ----

26/28 ----

14/13

14/13

----

CIRC

--

10 -.----

--- 075

.-. ---

050 ---

061 050

--- ---

28/24

28/2s

17/09

00/02

--/--

CIRC

CIRc

CIRC

CIRc

----

25

30

50

40

.-

-.

--

..-

.-

--

--

--

-.

--

--

-.

--

-.

.-

16.6N 125.3E

16*7N Iz502E

1703N 123.3E

1705N i2203E

18.6N ~2103E

19.lN 121oOE

18*ON 120.5E

18*1N 12002E

18.4N 120e2E

18.4N 11902E

113*6N 119.6E

18*7N A1901E

19.lN 11i3.2E

19*2N 11709E

1903ti 11706E

VW-P-03-05

VW-+04-05

54-P-03-15

54-P-O3-1O

LNO ROR

LND ROR

54.UN -----

LNO RDR

LNO ROR

VW-R-lo---

vW-P-02-05

VW-P-03-03

54-p-06-02

54-P-06-02

54-P-04-05

0300M

0260M

700M13

500MB

979 ---

978 ‘--

962 2795

--- ---

--- ---

--- ---

--- ---

.-” ---

--- ---

--- ---

968 2809

982 2880

980 2941

977 2917

976 2807

----

----

--.-

----

--- ---

--- ---

--- ---

. ../-. ----

700M13 --/--

/-- . .

----

----

--- ---

--- . . .

--” . . .

--- .-.

..- 045

--- 045

-.. 065

----

1800M

700MB

700MM

7oolm3

7ooM13

7ooMtl

-“/.-

13/00

12/08

16/12

18/--

18/--

----

CIRC

CIRC

ELIP

CIRc

CIRC

40

41J

70%30

30

30

----

----

N-S

----

----

1905N 11700E SLTLS STG X OIA U4 BNDS 3

19c5N 117.5E 54-P-O3-1O 700!48 07U 060 966 2819 CIRC 5018/10 ---- ---- -—.-



EYE FIXES CYCL~~;
UNIT- ()&3 08s MIN FLT THKNs

FIX METHIN) FLT LvL SFC MIN 700MB LVL EYE URIk_N- EYE
TIME

tiALL
NO. POslT -ACcY LVL WND ‘dND sLP HGT TT/TO FORM TATION L)IA CLOuO

-------------------- -------------------- -------------------- -------------------- --------------------- --------------------
25 2013452 19.oN 116.13E VH-R-1O--- 0380M --- --- --- --- --/-- --”- .-

26 2014272 19.EIN 116*7E vH-P-01-01 0380M --- 060 972 --- 27/27 CIRC ---- Z2 --

27 2020002 2004N 115c8E VW-R----OS --- -*- ..- --- .-/..- ---- -.

28 20202sZ 20.SN i1S,7E VH-p-O1-O1 700MB --- --- 968 2841 20/18 CIRC ---- 35 --

29 21032OZ 21o’2N 11500E 54-p-02-02 700MB 075 075 964 2790 18/14 CIRC ---- 50 --

30 210558Z 2106N 114.7E 54-P-05-02 700M8 055 070 963 2792 18/14 CIRC ---- 50 --

31 210645Z 21*9N 11408E 54-p-02-10 700H@ 070 080 964 2801 16/14 CIRC ---- 50 --

32 2109162 21ooN 115.OE SLT1.S ST(3 - DIA 4!5 BNDS 2



TROPICAL CYCLONE 13 ‘- 08/16/2300Z TO 08/21/17002
POSITION AND FORECAST VERIFICATION uATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR 72 HR. ERROR
DTG LAT. LONG. DEG. DIST. DEG. UIsT. DEG. OIST.

------- ------- -------------- ----------------------- ------- ----------

172300Z 15.7N 127Q1E 029-0132 -------- --------

1805002 15.9N 126.OE 008-0090 -----”-- --------

1811OOZ 16.7N 125.2E 000-0078 .---..--- “----.--

J81700z 17.lN 124.lE (??:-;:;; ---.---- --------

1823002 17.3N 123.oE -------- .-------

190500Z 17e7N 12i.9E 207-0120 ~------- --------

1911OOZ 1802N 120.8E 180-0126 ----.---- --------
1917002 18.4N 119*6E 158-0096 -------- --------
1923002 18*8N llt306E 235-0048 180-0084 --------

200500Z 19.3N 117.7E 24O-OO78 209-018b 0-------

2011OOZ 19.6N 116*8E 253-0078 186-0186 --------

201700Z 20.lN 116.OE :::-;:;: ~75-0210 --------

2023002 20.7N i15.4E 227-Oli?U ------.-

2105OOZ 21.5N 114.8E 210-0060 231-0168 219-0324

2111OOZ 22*2N 114.3E 180-0084 235-019U --------

2117002 23.ON 113.8E 197-o1O2 236-0216 193-0348

AVERAGE 24 HOUR ERROR - 0084 MI.
AVERAGE 48 HOUR ERROR - 0171 Ml-
AVERAGE 72 HOUR ERROR - 0336 MIs

.
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TROPICAL CYCLONE 16 - 08/27/23002 TO (J9/~9/1100Z
(WENDY)

10 OATA
A. STATISTICS

NuMBER W wARNINGS ISSUED - 51
;: NuMBER OF wARNINGS WITH TYPHOON INTENSITY . 40
3. TOTAL DISTANCE TRAVELED DURING TROPICAL WAI?NING PERIOO - 2820 MI

i3. CHARACTERISTICS AS A TYPHOON
MINIMUM OBSERVE() SLP - 917M6s AT 3021uU2

;: MINIMUM OBSERVED 700M8 HEIGHT - 2356M0 Al 3021oOZ
3. MAXIMUM SURFACE WIND - 140 KTS (FROM BEST TRACK)
4. MAXIMUM f?AoIus OF SURFACE CIRCULATION - +20 MI

IIQ DEVELOPMENT
A, INITIAL IMPETus - FRACTURE OF A pOLAR TROUGH ANU AN EASTERLY WAVE

B. INITIAL SURFAcE VORTEX
1. INDUCED VoRTEX AT 260000Z
2. SURFACE PRESSURE LESS THAN 101OM8

C. 200MB FLOW ABovE SURFACE VORTEX
INITIAL - NORTH

:: UPON REACHING TYPHOON INTENSITY - EAST

111. FINAL DISPOSITION - DISSIPATED OVER LANO
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m ZPZEO lNTENSIW
TYPHOON WENDY

03123Z 09 85
04/05z 08 85 CYCLONE 16

t4N 04/llz 08 80
061 17z 07 80

04/232 07
04/23 :! Blow UP80

03/23Z-04/23Z SEPTEMBER 1968

22$$ I
/

Y J

\

20W
03123Z

18N

I18E 120E 122E 124E 126E 128E WE
IIGF----



“NIT~YE FIXES CYCL N
!Lf # 0i3S MIN FLT 1IIKNS

FIX METHOD FLT LVL
NO.

MIN
TIHE pgsi T

7oon0 LvL EYE URlkN- EYE HALL
-Actv LVL MNO uND SLP HGT 11/10 FORM lATION 01A CLUUU .

--------------------- -------------------- ---*------ -------------------- -*-------- -------.-* -------------------- .,-----.--

1

2
)
,..

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2721oOZ

280248Z

2B05s8Z

280?452

2808222

281445Z

282049Z

2821452

282330Z

282330Z

290200Z

290635Z

290815Z

290858Z

2910152

2912502

291305z

29141OZ

2921oOZ

3OO31OZ

300712Z

3008032

300840Z

301400Z

1508N 149*8E

16*3N 14903E

16.oN 148*OE

1601N 14805E

1600N 148*2E

16.lN 147*7E

16*1N 146*8E

16.lN 146*5E

1601N 146*5E

16.lN 146*6E

16.2N 14603E

16.5N 145.5E

16.3N 145.8E

16,3N 145013E

16*3N 145*7E

16*4N 145s7E

16,4N 145s7E

1604N 145*7E

17.31’J 145*8E

17*6N i45.2E

18,0N 145,0E

18,6N 144.7E

17,8N 144.7E

18.6N 14402E

54-p-03-02 0460N

54-P-04-02 700H8

SLTLS ST(3 X

vW-R----1O

VW-P-1O-O3 0450M

VW-P-01-03 700MB

54-P-1O-O3 700)4s

LND RDR

LND RDR

LND RDR

54-P-01-05 700MB

SLTLS STG X

VW-R----O3

vW-R-02-05

LND RDR

VW-R----O3

VW-R ------

VW-P-01-02 700M8

54-p-02-01 700MB

54-P-05-05 700M13

SLTLS STG -

vw.R-.--l5

VU-R-OS-OS

VW-R-03-01

030 030 994

045 065 993

OIA 02 8NDS 2

--- .-. . . .

.-. 035 984

. . . --- 978

070 070 974

--- --- ---

..- ..- -..

--- --- ---

055 065 967

DIA 04 8NDS 4

.-. . . . ---

--- . . . . . .

--- . . . ---

--- --- ---

--- . . . ---

--- --- 960

..- 000 926

115 110 926

DIA U5 BNDS 4

--- --- ..-

--- 11O ---

--- --- ---

..-

3024

---

.-.

2902

2819

. . .

---

---

2801

---

---

..-

..-

---

2732

2448

2453

---

*--

---

24/23

12/10

-./--

24/i?4

11/10

16/06

/-- --

--/--

-./-.

15/10

. ../..

-../.-

/-- --

/-. --

-../-.

17/12

20/16

20/12

--/--

-../--

--/--

----

----

----

CIRC

CIRC

CIRC

----

----

----

CIRC

----

CIRC

----

----

----

CIRC

CIRC

CIRC

----

ELIP

CIRC

----

----

----

-----

----

----

----

----

p&s

----

10

15

30

15

15

17

10

15

ZOX15

20

--

.-

.-

--

--

--

--

.-

.-

--

.-

--

--

--

--

--

--

06

06



EYE FIXES CYCL#W$ 16
UNIT- l)tis Otis MIN FLT

FIX METHOD FLT LVL SFc MIN 700W3
THKNS

L VL EYE (JRILN- EYE WALL
NO, TIME POsl T -ACCY LVL WNo UN() sLP llGT TT/TO FORM TATION OIA CLOUl)

---------------------------- --------------------------- ----------------------------- --------------------------- ------------
25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

302100z

31021OZ

310555Z

310745Z

31091OZ

31141OZ

3I2103Z

O1O3OOZ

o1O631Z

O1O925Z

O1141OZ

O121O1Z

0123502

020234Z

0207122

0208252

0209zoz

0212052

021403Z

0220592

0300152

030200Z

03074s2

030830Z

19.2N

19.5N

20QON

20.3N

19*7N

20e8N

2101N

2A04N

22*or4

21*7N

22.ON

22.4N

22*3N

2Z.7N

2300N

23.lN

22.8N

23.oN

23.oN

23.oN

22*8N

22*7N

22. 5N

22*3N

143,7E

143,1E

142,5E

i42.3E

i4203E

141*2E

139*9E

138*5E

13705E

13703E

13602E

134.7E

134,1E

13303E

132.oE

132.lE

131.6E

130.8E

130.3E

128*7E

12802E

12708E

126.5E

126c2E

54-P-03-02

54-P-05-02

SLTLS

VW-R ----05

700M8

700MB

STG X

085 130 917

108 130 919

L)lA U4 8NOS 4

-.

--

--

--

-.

*-

--

-*

-..

--

.-

. .

--

--

--

--

--

. .

1’4

--

2356

2384

25/18

25/15

CIRC

CIRc

----

----

20

20

23x.12

12

15

30

26

30

30

30

30

40

25X23

30

40

40

40

/-- -.

20/13

18/13

18/12

17/13

--- --- ---

--- 080 927

--- --- 934

112 085 934

lUO 110 939

L)IA US 8NDs 4

--- 100 941

--- --- 938

105 080 939

078 055 943

090 080 9>5

oIA 05 8NDS 4

---

2433

2497

2539

2570

----

ELIP

CIRC

CJRC

CIF?C

vu-P-ol-04 700MS

700MB

700M8

700MB

STG X

0450M

700MU

700MS

700ML3

700MB

STG X

NE-SW

VW-P-05-03

54-P-05-05

----

----

----54-P-03-05

SLTLS

vw-f’-o3-o5
VI

1

z
2601

2595

2566

2588

2530

27/24

20/14

16/14

17/14

18/14

CIRC

CIRC

CIRC

CIRC

CIRC

,----

----

----

----

----

VW-P-01-05

54-P-03-05

54-P-05-05

54-P-OS-05

SLTLS

VW-R----OS .-. -*. . ..- --/*q

20/--

20/12

18/12

18/12

18/12

18/11

----

CIRc

ELip

CIRC

CIUC

CIRC

CIRC

---

2571

2571

2610

2612

2621

2615

VW-P-1O-O5 700MB

7ooHtl

700MB

700M13

7ooM13

7ooM13

STG X

--- 110 941

..- --- . . .

--- . . . 944

071J --- 945

015 065 945

09s 060 944

DiA 05 BNDS 4

-.. --- ---

----

NE-aw

----

-*--

----

----

VU-P-OS-05

VW-P-02-05

54-P-05-05

54*P-05-03

54-P-05-05

SLTLS

LND RDR .-. --1-- ----



ul
t

m
#

EYE FIXES CYCLC));
UNIT- o#’ 08s MIN FLT THKNS

FIX METHOD FI.T LvL SFC MIN 700M8 LVL liYE ORIkN- EYE tlALL
NO. TIME POSIT -ACcY LVL UNo tiND SLP H(3T TT/TO FORM TATION OIA CLOUD

-“------ ---------------- -------- ---------------- -------- -------- ---------------- -------- -------- -------- ------.- ------:-
49

5(I

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

0308402

0309302

O31O3OZ

031130Z

0312102

0312302

0313302

0314302

0314302

o321o9z

0400002

040205Z

0403302

0404302

0405302

0406302

0407402

040822Z

040830Z

0409032

0409302

0411452

0414122

0419302

22,4N 126.5E

Z2.3N ~26c3E

2202N i2601E

22,2N 126*OE

22.lN 12509E

22*2N 12508E

2201N 12507E

22,1N 1250SE

2201N 12504E

2A08N i24.4E

21.7N 1z!309E

2106N 123.9E

2i.3N 12303E

21,2N 123,2E

2~.2N 123*1E

2i.3N i2302E

21.2N 12209E

VW-P-02-01

LND ROR

LND RDR

LND ROR

lJw-P-(12-1)2

LND ROR

LND RDR

LND RDR

VW-P-02-05

54-P-03-05

LNO RDR

54-P-03-05

LND ROR

LND RDR

LND ROR

LNO IIDR

LND RDR

0450M --- 110

--* ---

.-. .-*

--- ---

7ooMt7 055 ---

--- -*-

--- ---

--- ---

7ooMtl --- ---

700MM 085 ---

.-. .“.

7ooMt3 07~ 045

.-. . . .

--- ..*

--- ---

--- ---

--- ---

945

---

---

---

950

---

---

---

951

944

---

946

---

--*

---

---

--*

---

---

---

---

2630

---

---

---

2656

2624

..-

2658

..-

---

.-.

---

---

2105N 123.OE sLTLS STG X oIA vS BNDS 3

21*1N 122.8E LND RDR --* .-. --- ---

21e6N 123*1E VU-P-05-U5 0450N --- lLO 9s0 ---

21.ON 12208E LND RD17 --- --- --- ---

21.5N 123*2E VW-P-02-05 700M13 ‘-- ‘-- ‘-- 2702

2107N 123*1E VU-R-02-05 700M --- ‘-- --- 2738

21.5N i22.5E LND RDR --- --- --- ---

27/23

-../-.

--/--

--/--

18/11

--/--

--/--

.-/--

19/--

18/14

.-/-.

18/13

--/--

-./--

.-/..

--1--

--/--

.-/--

26/23

/-- .-

le/--

19/--

.-/--

CIRC

.-..

----

----

CIRC

----

----

C,IRC

CIRC

----

CIRC

----

----

e-..

----

----

----

ELIP

----

ELIP

CIRC

----

----

----

----

----

----

Nw-SE

Nw-St

----

65

65

65

60

50

60X2kl

70X25

50

10

-.

--

.-

10

--

.-

-.

10

.-

. .

--

--

--

-.

--

--

--

--

--

.-

--

--



EYE FIXES CYCLONk
UNIT-

16
FLT (MS Otis MIN FLT TnKNS

FIX METHOO FLT LVL sFC MIN 700MB LVL EYE ORILN- EYE
No ● TIME fosIT

wALL
-ACCY LvL wtwJ uNO SLP HGT TT/To FORM TATIUN 01A CLOUD

-----+*. ---------------- “------- -------- -------- -------- -------- -------- -------- -------- -----.-- ------.- --------- ----.---
73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

042130Z

050030Z

050130Z

050205Z

050530Z

050600Z

0508592

0509052

O51OOOZ

051130Z

OS121OZ

0514002

051800Z

052115Z

052350Z

0602222

060400Z

0606532

060700Z

060800z

060900Z

0609282

060950Z

21.4N 121.7E 54-P-04-05 500Mtl 065 --- 972

2105N 121*7E LND RDR --- --- -+-

21.5N 121.8E LND ROR --- . . . .-~

21.6N 12200E 54-P-01-01 500Mlj 070 045 966

2104N 12104E LNO ROR --- --- ---

i?106N 121.3E LND RDR --- --- ---

2200N 1z200E SLTLS STG X L)IA 04 BNDs 3

21.7N 121.6E

2108N 12107E

2108N 12107E

21*9N 1z104E

22*ON 12105E

2108N 121oOE

21*7N 120e7E

2107N 120Q6E

21.8N i20.4E

21*8N 12002E

VW*I+O2-10

LND RDR

LND RDR

VW-P-02-02

VW-P-02-02

LNI) ROR

54-P-O2-1O

LND ROR

54-P-02-03

LNO ROR

--- ---

--- ---

..- -..

7ooMti --- ---

7ooMlj --- ---

--- ---

500M!3 042 ---

..- .*-

500MB ObO 060

--- .-.

---

.-”

---

970

.-.

---

941

---

972

---

22*ON 120.OE SLTLS STG X OIA 03 BNDS 2

21.9N 1zo02E LNl) RDR ---

21,8N 120soE LND RDR ---

22.ON 120,0E LNII RDR ---

2200N 120.2E VW-R-O5-1O ---

21*9N lzo.lE vW-P ------ ..-

96 O611OOZ 22*ON 119*7E LNII ROR . . .

--- ---

--- ---

--- ---

--- ---

085 980

.-. . . .

.D:-

*.-

---

2804

---

---

---

..-

---

2854

2860

.-.

2788

---

2870

---

---

---

---

---

*-.

.-.

00/52

/-- .-

--/.-

03/00

--/--

.-/--

--/--

/-- --

/. . --

17/13

19/13

.-/--

04/00

.-/.-

06/00

..-/-.

/-- --

/.- --

--/--

-./--

--/--

--/--

CIRC

----

----

CIRC

----

----

CIRC

----

.-”-

CIRC

CIRC

----

-,---

----

ELIP

----

----

----

----

CIRC

----

----

----

----

----

----

.-.*

Nw-SE

----

40

40

50

50

50

12X(J7

30

-.

.-

--

--

--

--

--

.-

.-

--

--

--

--

-.

--

--

--

--

--

-.

--

--



EYE FIxES CYCLONE
UNIT- FL 1 ot# ohs t41N FLT 1AKNS

FIX METHOD FLT LVL SFC MIN 700MB LVL EYE ORIliN- EYE
TIME

UALL
NO, Pl)si T -ACcY LVL MN() *ND SLP HtiT TT/TO FORM lATJON DIA CLOULI

--------------------------- --------------------------- . . . . . . . . . ------------------- ------------------ --------- --------- .A

97

98

99

100

101

102

103

104

105

106

107

10$3

109

110

111

112

113

114

115

116

117

118

119

120

061200Z

061215z

061400z

0614002

0618002

0621362

07025S2

0705572

070933Z

071200z

071408Z

0721302

0802402

080652Z

0809052

0812052

08142S2

081500Z

0816302

081710z

0819122

O821OOZ

082300z

O9O1OOZ

22.ON 12000E

22.lN 119.8E

22*oN 120.OE

22.lN 119*6E

2J06N 119,1E

21*9N L19.9E

22soN 118.5E

2200N 117*5E

22,3N 117*7E

2108N 117*OE

22*oN 11605E

2103N i1409E

21.lN 114*OE

21oON 11205E

2103N 112*5E

2101N 11105E

21*ON 11oo6E

21oON 11OQ6E

21.oN 11042E

20,9N 11oo2E

21*3N 109,3E

20.9N 109oOE

2008N io(i06E

20.9N 107.8E

LND RDR

VW-R-05-15

LNLl RDR

Vw+----lo

LND RDR

54-P-01-15 Sooma

54-P-(J1-03 500M8

SLTLS STG C

VW-R-1O-1O

vU-R-05-05

VW-R-05-05

54-P-03-05 700MB

54-R-O3”1O

sLTLS ST(3 )(

--- --- ---

-.. --- ----

--- --- ---

..- --- ---

--- --p ---

055 --- 950

06s 075 958

DIA ‘- BNDS -

--- --- ---

-.. --- ---

-.. . . . ---

055 --- 983

0s5 U25 ----

DIA 02 BNDS 2

vN-R-02-05

VW-R-05-05

VW-R-05-05

VW-R----1O

vW-R ------

VU-R ------

SHIP RDR

VW-R----1O

vw.R----~o

StlIp RDR

0490M 010

0650M ‘--

0450M ---

---

---

..-

---

..-

---

---

---

---

-..

---

.-a

.-.

.-.

.-.

.“.

---

---

----

---

----

---

---

---

---

---

---

---

---

.-.

---

---

2260

---

---

---

---

2929

---

---

--*

-..

---

---

---

---

---

---

---

/-- --

/-- --

/-- --

--/--

.-/-.

01/53

01/52

/-- --

--/--

--/-..

15/12

--/--

/-- -.

--/--

/-- --

/-- --

--/--

--/--

/-- -.

--/--

/-- . .

/-- --

----

CIRC

----

Cll?c

----

CIRC

CIRC

CIRC

CIRC

CIRC

CIRC

CIRC

CIRC

CIRC

CIRC

----

----

----

----

CIRC

Cll?c

----

----

----

----

----

----

----

----

----

----

----

----

----

----

----

.30

30

3U

30

30

3U

15

15

25

18

.-

--

--

--

.-

10

,.-

..-

10

-.

lU

--

.-

--

-.

.-

--

.-

--

--

--

.-



TROPICAL CYCLONE 16 ‘- 08/27/23002 TO 0~/09/11002
PosITIoN AND FORECAST vERIFIcATION OATA

STORM POSITION 24 HRo ERROR 48 HR. ERROR 72 HR. ERROR
DTG LAT. LONG. DEGQ DIST. DEG. C)IS~. DEG. 01S1.

i?80500z

2811OOZ
281700Z
282300Z

290500Z

2911OOZ
2917002
292300Z

300500Z

3011OOZ
3017002
302300Z

3105OOZ

311100z
3117002
3123002

O1O5OOZ

Olllooz
0117002
012300Z

0205002
O211OOZ
0217002
0223002

030500Z
0311002
031700Z
032300z

0405002
O411OOZ
041700Z
042300Z

050500Z
O511OOZ

16.3N

16.ON
16.lN
16.2N

16.4N

16.3N
1“6. 7N
17.4N

17.9N

18.4N
1809N
19.4N

20*ON

20.5N
20.91U
21.2N

21.5N

21.9N
22.2N
22.5N

22.EOl

22.9N
23.ON
22.8N

22.6N
22.3N
21.9N
21.7N

21.5N
21.lN
21.5N
21.7N

21.6N

21.9N

149.oE

148.2E
147.4E
146.7E

146.OE

145.6E
145.9E
145.5E

145.OE

144.5E
144.oE
143.5E

A42.8E

i41.9E
140.7E
139.4E

138.2E
L36.9E
135.5E
134.2E

132.7E

131.2E
129.7E
128.4E

127.2E

i?!6.2E
125.2E
12403E

123.4E
122.8E
123.2E
1Z2.4E

121.8E

121.4E

.---.e--

--------

------- -

116-0012

050-0054
197-0060
221-0108
21$-0156

227-0156

216-0132
168-0150
170-0072

185-0078

188-0090
180-0042
074-0144

122-0108

123-0150
092-0126
071-0144

174-oobo

163-0060
129-0042
062-0072

009-0078
348-0114
353-0150
323-0150

067-0090
360-0066
285-0084
259-0090

255-0084

273-0102

--------

--------

--------
------.-

--------

------- -
--------

232-U16L

222-o13d

220-026+
218-0276
216-02~6

228-0258

218-0204
169-0234
136-01~6

134-0114
122-oo9t)
097-009b
070-03Jb

096-0276

097-0312
080-0336
066-U3{z

]04-009U

086-0084
0+3-UIU<
035-llAdu

008-016G
341-02t!d
322-0234

315-u2ti~

344-0084

316-OIZb

-.------

--------

--------
--------

-------.

--------
-.-.----
.-------

--------

--------
--------
“-------

229-0318
--------

217-0348
--------

217-0198
.---.---

142-0282
------e-

093-0222
--------

066-0342
--------

077-0486
--------

064-0558
--------

052-0144
--------

007-0156
--------

331-0198
--------

5-55



TROPICAL CYCLONE 16 -- 08/i?7/23002 TO 09/09/1100Z
POSITION AND FORECAST vERIFICATION DAIA (CONTI

STORM PUsITION 24 W?, ERROR 48 HI?. ERKOR 72 HR. ERROR

DTG LAI ● LONG. OEGO 01S1. OEG. i.)xs~. DEG. OIST.
--------------------- ---------------------- -------- ---c--- -------- --

051700Z
OS2300Z

21.8N
21.7N

121.3E’ 276-O1OQ
120.7E 266-0u72

300-0Z70
--------

120.2E 108-OO7Z

119.7E 344-0042
119.2E 075-0042
118.5E 090-0018

z!83-Ul~U

300-023+
~87-L)174
~60-00b6

316-0174
-s------
285-0222
----.---

060500Z

061100z
061700z
062300Z

21.9N
22.lN
22.lN
22.ON

070SOOZ

O711OOZ
071700Z
072300z

22.ON

22.ON
21.7N
21.2N

117.8E 076-0024

116.9E 050-0054
115.8E 038-0066
i14.6E 076-0162

104-0090

015-0096
062-0132
041-0114

319-odo4

--------
-*------

080500Z
Otlllooz
081700Z
082300z

21.2N

21.2N
20.9N
ZO08N

J13.3E 074-0168

111.7E 066-0180
11O.2E 053-0186
108.6E 108-0090

083-(.)234
-*------
067-0354
--------

4)&l-039u090500Z 20.9N 107.OE 106-0186 066-0372

AVERAGE

AVERAGE
AVERAGE

ERROR - 0097 MI.

ERf?OR - 0196 MI.
EfWOR - 0282 MI.

24 HOUR
48 HOW
72 HOUR

5-S6
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TROPICAL cYcLONE 17 - 08/28/0S002 TO 09/U9/1100Z

(AGNEs)

I* OATA

A. STATISTICS
1. NuMBER OF wARNINGs ISSUED - 50
2* NUMBER OF WARNINGS WITH TYPHOON JNTENS~JY - 35
3. ToTAL OISTANCE TRAvELED DURING TROPICAL @ARNING PERIOU - 3258 MI

B, CHARACTERISTICS AS A TYPHOON
MINIMUM OdSERVEll SLP - 904MBS AT 0320502

;: MINIMUM OBSERVED 7ooMB HEIGHt - 2d40M. Al 032050z
3. MAXIMUM SURFACE WIND - 150 KTS (FROM OES~ TRACK)
4. MAxIMUM RADIUS OF SURFACE cIRCULATION - 540 MI

11. DEVELOPMENT
A. INITIAL IMPETUS - FRACTURE OF A POLAR TROUGH ANU AN EASTERLY WAVE

B. INITIAL SURFAcE VORTEX
INDUCED VORTEX AT 26iHOOZ

:: SURFACE PRESSURE LESS THAN 101OMB

c. i?oOM6 FLOti A8uvE SURFACE vORTEX
INITIAL - vARIABLE

:: UPON REAcHING TYPHOON INTENSITY - NORIHLASr

111. FINAL OISPOSITIUN - BECAME EXTRAIROPICAL
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5-63



22 N

20 h

DTG SPESD INTSNSITY

03f23Z 08 150
TYPHOON AGNES

OV05Z 07 145
04J 1lZ 06 130

/07/1 I z CYCLONE 17
ow17z 05 125
CW23Z 06 120
05/052 04 115

BLOW UP
05/llz 04 110

A

05/17z 05 105
05/232 06 100 28/23Z-29/23Z AUGUST 1968
06/05z 07 100
06111Z 07 100
06i17z 07 90
OW23Z 07

06 i Z3Z
80

07105z 08 70
07/llz 09 65

L

~
o3!232

4;

\ /
s -’37\/

/
/

041232

~

?

130E 132E
:

134 E 136E 138E 140E 142E 144E ~
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.?1

--

SI

--

01

90

-.

--

--

--

--

..-

--

--

--

--

--

--

----

W-MN

3tix2

CI113

----

dI13

LI/oz

.../.D-

/ ----

61/ZZ

*091?

---

---

011?

(161.Z

OL9Z

---

---

---

---

Clsz

9S8Z

S96?

ZS6Z

1862

---

---

---

---

S96010011

---------

WOOLSO-LO-d-+M

SO-CO-M-MA

Eo.-.-N.MA

WOOLEO-SO-d-HA

x91sS-ills

9WOOLso-so-d-$%

FiWOOLSO-SO-d-~~

OT-SO-U-MA

SO-LO+I-MA

1400?0OT-CO-M-MA

---ST-M-MA

x91sSllxi

IWOOLSO-OIWI-+?S

9WOOLO1-SO-d-hs

UWOOLSO-O1-d-MA

RwoofSO-.?I-d-MA

x91sSills

FIWoOlSO-lO-d-+s

3E”l~INC*91

39*8*1tJs*91

31”6+TNE*91

3L”6+!NO”91

30”0s1NO*9I

3S”1S1NZ”91

3Z”ESIMI”91

3*”+EIINE*9T

39”Ss1N1*91

39”951N?*91

M“9’iTN1”9T

3s”9s1W*9T

39”BSTNL”91

38”6STN6*9t

39”191NE”LI

3*’E9TN**LI

30”4791NS*Lt

3t”S9TNf”lt

2001.310

Z(IC*IIO

Zo+l[l(l

2016010

ZIE9010

ZO?2010

Z**I)ZIC

ZOC*IIC

zooi?IIt

200601C

200801c

Zsssolc

ZOOZOIC

Zootzoc

ZOC*IOE

Zotsooc”

Z131SOOC

ZLEZoOC

zLEl)~6z

ZS1916Z

ZO0606Z

2Z++06~

Z+?1C06Z

zso*(lgz

------“--

C~Ij---00T

CSaNEIS(IVIO

E960?1011

6*6OZTS9T

---------

3<-MN

W-MN

?+-MN

7S-MFJ

----

+/1/+)2

zI/9z

/ -.--

/ ----

--/--

*-/--

---------

---S90sEio

---------

FSQN9+)owI(Y

L96001c!o

0L6001ORO

L96‘-----

Z66O*O050

fSoN9?0vTa

986S90010

lT/oz

60/91

21/11

--/z~

.-*-

----

-.*-

----

dI13

$z/9zS66SLoo~oWOzbOsO-E()-d-+s ----

IO-CO-M-MA

I+OZCOZO-EO-cl-PA

x91sSills

W09b0sO-+O-d-+s

3L”L91NC’Lt

3S”891N+)*91

3S”691NO*LI

39”69TNO”91

/ .---

f.?/$?z

---------

666---5?0

ESON13znvIig

866‘x?o7?!0

----

3MI0 ....

----

-SONf3--VI(I391sS111S30*CLINO*EI
------------------*-------------------------------------------------------------------------------- ----------------------

mlo12WI(-INoTIV1Huc)d().(/1119HdlSQNM(lNMlA1A33v-lTsOd3W11“ON
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“NITEYE FIXES CYCL N’
. ~Lb :!’ 08S MIN

FIX
FLT ltiKNS

;;;;;0 FLT
NO, TIME Pos I T

LVL MIN 700M13 LVL EYE
LVL

l)RlLN- LYE
UN()

tiALL
wND SLP HGT TT/To FORM TATIUN IJIA CLUUIJ

-------” ------------------- --------------------------- --------------------------- ------------------- ---------- --------- --
25

26

27

213

29

30

31

32

33

34

35

36

37

3!3

39

40

41

42

43

44

45

46

47

48

020300z

020708z

0207502

0209002

021405z

0220002

O221OOZ

030247Z

0307452

030650Z

0314052

0320502

0403152

0406282

0409002

041200Z

0414302

042053Z

0503002

0507052

0509252

0514002

0520402

060300Z

1606rJ 14508E 54-P-1o-o5 700MB 103 Otlo 963

1700N 145.OE SLTLS STG x DIA u3 8Nos 3

16,6N i44,8E VW-R----15 --- --- ---

1608N 144.5E VW-R-05-05 O31OM 045 050 ---

17-ON 143*8E VW-R-O5-1O 2970M 060 --- ---

17mZN L42.8E 54-R ------ --- --- ---

1703N 14204E 54-p-02-03 7000!4 09!5 050 956

17*8N 14101E

18,0N 140.5E

1709N 140s4E

18.4N 139,4E

18,51Q 138.9E

‘19.ON 138sOE

19.ON 137.OE

1905N 137*1E

1904N 136*9E

19.3N 136.8E

19*3N 136*6E

1901N 136.6E

19.5N 13605E

1901N 13609E

19.2N 137Q1E

1907N 13700E

19*5N 137*2E

54-P-02-03 7000M

SLTLS STG X

VU-P-03-03 700MU

VW-P-03-03 700MB

54-P-05-05 700M13

54-P-05-05 700MS

sLTLS STG X

VW-R-01-t)5

VU-R-02-05 1330M

VW-R-05-05

54-P-03-05 700Mfj

54-IJ-03-05 700MB

sLTLS STQ X

VW-R-02-05 0450Pi

VW-P-04-02 700Mt3

54-P-07-05 700MB

54-P-OS-05 700MB

120 110 950

OIA U3 BNQS 2

120 --- 940

. . . --- 918

080 --- 904

170 120 906

l)lA u5 BNDS 3

--- 075 ---

080 U55 ---

..- 060 ---

()~~ --- 925

070 070 934

OIA V4 BNDS 3

..- --- ---

060 --- 935

065 --- 940

ObO 060 943

2i80

----

---

---

---

2728

2664

2768

2357

2240

i!265

---

---

---

2417

2515

---

2541

2554

2582

18/15

/-- --

/-- --

/. . .-

--/.-

17/10

18/13

22/1 1

22/12

26/16

24/16

--/-.

/-- --

--/--

16/

16/

3

2

/-- --

17/14

16/10

15/11

CIRC

----

ELIP

ELIP

----

CIRC

CONC

CIRC

CIW

Cflw

CIRC

CONC

CONC

GONC

CIRC

CONC

ELIP

CIRC

CIRC

CIRC

----

Nm-bt

Nw-bt

----

----

----

----

----

----

N-s

----

----

----

30

43X.35

40X30”

45

60-25

22

21

lu

15

?8-24

65-23

65-?0

20

45-20

25X15

19

20

15

-.

--

--

.-

--

.-

05

Id

06

05

05

lu

.-

(JU

05

--

..-

F.EIO

--

-.



EYE FIXES CYCL(33; 17
UNIT- 08s 08s

FIX
MIN FLT TIIKNS

METHOD FLT LVI. sFC HIN 700MS LVL EYE ORIEN- EYE
NO. TIME PosIT

W&LL
-ACCY LVL UNO tiNO SLP HGT TT/Io FORM rATIQN OIA CL(NJO

---------------------------- ----..-” ---------- -..--*--- --------- .-c.----- --------------------------- . . . . . . . --------------

49

50

51

52

53

54

n

56

57

58

59

60

61

62

63

64

0604582

0609252

0614202

0621152

0703202

0705572

0709282

0714002

0721102

0802452

080456Z

0809202

0814152

O621OOZ

0902302

0911462

19.5N

2002N

20.5N

200 lN

20.6F4

20,5N

2104N

2Ze2N

23*2N

137.OE

137.lE

136.6E

136*6E

136.8E

137.OE

137.2E

137*5E

137.2E

sLTLS

VW-I?-O2-1O

VW-P-02-05

54-P-05-U5

54-P-03-03

SLTLS

VW-P-OS-OS

vhl-P-02-05

54-P-O5-1O

STG X

0530M

700M13

700MB

700M8

STG X

0460M

700MB

700HB

DIA 04 13NDS 3

---- --- --- s--

040 --- 960 2716

045 --- 958 2704

065 960 964 2758

DIA U4 BNOS 2

--- 035 969 2848

--- --- 973 2866

017 030 --- 2783

23*8N 137.5E 54-P-O3-1O 700MB 060 060 --- 2862

24*ON 13800E sLTLS STG C “OIA ‘- BNos -

24.7N 13705E VW-P-02-05 0400M 0b5 060 9?9 2923

25*4N 13705E VW-p-02-06 700utj 050 --- 980 2934

2701N 139*6E 54-p-05-05 700Mti 045 045 976 2896

28.5N 1.4104E 54-p-05-10 700MB 0B5 055 975 2871

3106N A4S08E VW-P-02-ZO 700M@ --- --- 984 2938

/-- -= CIRC ----

13/11 ----

14/1,? CIRc ----

12/11 CIRC ----

24/24 CIRC ----

15/14 CIRC ----

13/12 ----

12/10 ----

24/20 ----

13/10 ----

14/12 ----

15/14 ----

13/13 ----

20 10

--

06 --

15 --

15 02

15 15

F.BO

--

-.

--

F*BD

H.lj*

F.tj.



TROP

STORM

CAL CYCLONE 17 -- 08/28/0500Z TO 09/09/1100Z
POSITION AND FORECAST vERIflcATloN LJATA

POSITION 24 HR. ERROR 46 HR. LRKUR 72 HR. LRROR
L)TG LAT. LONG. DEG. DIST. DEG. 01S!. DEG. DIST.

------------------------ -------- -c------ -------- -------- ------------

291100L
291700Z
292300Z

3005002

3011002
301700Z
3U2300Z

3105OOZ

3111OOZ
311700Z
312300Z

O1O5OOZ
O1A1OOZ
0117002
012300Z

020500Z
021100Z
0217002
tJ22300z

030500Z
O311OOZ
0317002
032300Z

(M0500Z
0411002
041700Z
042300z

050500Z
Osllooz
0517002
052300z

060500Z
0611OOZ
0617002

16.7N
17.2N
17.3N

17.4N

17.3N
17.2N
16.8N

16.4N
16.lN
16.lN
16.lN

1601N

16.2N
16.3N
16.4N

16*6N

16,8N
17.lN
17.3tu

17.6N

17.9N
18.3N
18.8N

19.3N

19.6N
19.4N
19.lN

i9.lN

19.4N
19.7fu
19*6N

19.6N
20.3N
20.5N

16d.3E
lb7.2E
165.7E

164.2E

162’.5E
160.8E
159.2E

15f.5E
155.9E
154.2E
i52.6E

i50.9E
149.2E
14”1.81i
146.5E

145.4E

144.2E
143.iE
J42.OE

141.OE

140.OE
139.lE
138.4E

13f.9E

137.3E
130.8E
i3b.8E

13?.2E

i37.4E
137.3E
136.9E

131.6E
13”?.2E
136.5E

143-Q120
134-0156
112-0078

090-0120

087-0096
05iJ-olo8
069-0156

061-0180
050-0174
055-0132
o67-CJ1O2

073-0156
085-0120
068-007tj
078-0132

323-0030
195-0024
149-0030
180-0030

311-0060

298-0084
294-0084
270-004tl

293-0162

270-0126
289-0108
289-0108

292-0168
289-0234
286-0252
279-0150

265-0060
246-0084
180-0012

------.-
.---.---
-*------

“-------

--------

--------

--------

_-------

--------

--------

071-0300

070-037L

067-u35*
068-03id
07f3-U294

086-0300

089-0222
075-ui36
083-02L6

000-0024

165-oo4d
i63-OOeU
180-0076

284-0048
274-0144
285-ui8U
282-U19~

294-UJ46

282-0312
284-031<
282-031;

28Z-U374
276-03fd
284-03b0

.-------
-------.
--------

.-------

--------
--------
--------

--------
----*---
-.------
.-----.-

--------
-.---Q--

--z-----

--------

076-0516
--------
069-0408
--s-----

093-0420
--------
081-02’64
-------.

250-0048
--------
189-0084
--------

28!?-0246
--------
282-0414
--------

265-052!8
--------
283-0420

5-68



TROPICAL CYCLONE 17 -- 08/28/0500Z TO 09/09/1100Z
POSITION AND FORECAST VERIFICATION UAIA (CONT)

STORM POSITION 24 HR. ERROR 48 HR. ERROR 72 HR. ERROR
DTG LAT. LON6. DEG. OIST, DEG. i)Is]. DEG. DIST.

------- ------- ------- ------- ------- ------- ------- ------- -----*- -----

062300Z 20.3N i3b.9E 291-0126 272-0270 --------

070500Z 20.8N i37.3E 252-0072 257-01S0 272-0540
O711OOZ 21.6N 137.2E 259-0114 251-UIY< --------

071700Z 22.4N i37.4E 255-0204 248-(J14U 270-0534
072300Z 23.4N 13?.2E 228-0174 258-ti~id --------

otlo500z 2401N 137.5E 203-0174 z3&-02b+ 234-0324
0811002 2409N 137*5E 187-0054 239-(J3U9 --------
0817002 26,2N 138*2E 237-0042 243-049& 237-0408
08Z300Z 27Q7N 140*2E 264-0150 Z32-u54V --------

090500Z 29 ● ON i42.7E 245-0246 229-060~ 241-0762

O911OOZ 30.8N 145.3E 244-0378 241-U50* -.------

AVERAGE 24 HOUR ERROR - 0122 MI.

AVERAGE 48 HOUR Et?ROR - 0275 Ml.
AVERAGE 72 HOUR ERROR - 0394 MI*

S-69
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TROPICAL CYCLONE 19 - Od/31/0500Z TO U9/Q5/2300Z
(BESS)

1. OATA
A. STATISTICS

NUMBER OF wARNINGS ISSUEL) - 25
:: NuMBER OF WARNINGS WITH TYPHOON INTENbiIY - 02
3, TOTAL (.)ISIANCE TRAVELED DURING TROPICAL WARNING PERIOLI - 0744 MI

0. CHARACTERISTICS AS A TYPtiOON

1. MINIMUM OBSERVED SLP - 96!jMBS AT 0415144
2. MINIMUM OdSERVEO 700MB HEIGHT - 2816M. AI u42015z
3. MAXIMUM SURFACE tiINO - 065 KTS (FROM BEST TRACK)
4* MAXIMUM RADIUS OF suRFACE CIRCULATION “ 420 MI

11s DEVELOPMENT
A. INITIAL IMPLTUS - MCINSOONAL SURGE WITH SU5StW,JENT DEVELOPMENT OF
200MB DIVERGENCE

0. INITIAL SURFACE vORTEX
INDUCED VORTEX AT 2912002

:: SURFACE pRESSURE LESS THAN 1002MB

c. 2oOMt3 FLOW AHovE SURFACE VORTEX
INITIAL - EAST

;: UPON REACHING TYPHOON INTENSITY - NOf?THkAST

111. FINAL DISPOSITION - DISSIPATED OVER LAND



s+jto”+ I I t&-tA-t4 i :?:kw40 ,o.~y! ~ ,4%,

BEST TRACK

TYPHOON BESS

CYCLONE 19

31 AUGUST-t)5 SEPTEMBER
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3( SPEED
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22N
TYPHOON BESS

DTG SPE~ INTZWS1’I’Y

OIJ1lZ 06 45 CYCLONE 19
01/17Z 0$ M
01/232 03 45
02105Z 0s 45 BLOW UP
02/1 lz 0$ M

01/llZ-02/llZ SEPTEMBER 1968
20N

5

\

o 123Z
Ollllz

18N

16N

14N

I06E I08E IIOE Nil! I14E I16E l181Z 120E 122E ~



EYE FIXES CYCL~W4;
UNXT- otik9 OBS MIN FL1 TnKNS

FIX METHOO FLT LVL sFC MIN 70014B LVL EYE URIEN- EYE HALL
NO. TIME POsIT -ACCY LVL WNU wND SLP HGT TT/TO FORM TATION DIA CLOUD

---------------------------- ------------------ *--*----- --------------------------- --------------------------- -----------

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

2(I

21

22

23

310751Z

3119002

3120302

O1O2OOZ

O1O4OOZ

O1O83OZ

o1O845Z

0114252

0120252

O121O4Z

O2O11OZ

0202022

0209022

0209282

0214002

0220152

O221OOZ

0302152

0309252

0309392

0314052

0320552

0404452

19,0N 11500E SLTLS STG X DIA 03 ENDS 1

19.5N 116*3E

19,6N 116.2E

19*7N 115.6E

19-ON 11400E

19*7N 11503E

19.fjN 11503E

19.7N 114*5E

19*8N 114.OE

1945N 11402E

19.7N 11402E

19*8N 114*2E

1905N 11400E

19*6N 113*8E

19.5N 11305E

19e5N 11208E

VW-R---- 10 700)IB

VW-P-20-lIJ I)350M

VW-P-1O-1O 0350M

sI.TLS ST6 X

VW-R----IO

.-* --- ---

--- 025 992

--- 030 9B9

01A 02 BND!j 1

--- --- -*-

--- 035 986

--- --- 984

--- --- . . .

055 --- 985

--- --- ---

--- 040 988

DIA 02 EINDS 2

055 050 983

--- --- 992

.-/--

26/26

28/26

----

----

----

--

--

--

--

--

.-

--

.-

. .

FOB,

--

F.8.

--

-.

-.

F.B.

-.

F,Bo

--

--

---

----

3048

-../..

27/25

22/16

. ../.-

24/21

--/--

18/15

-----

CIRC

ELIP

----

CIR$

----

Cll?c

---

vW-P-1O-O5 0450M 25

30XZ’4

10

10

25

40

10

08

30

..-. -----

NE-SWVW-P-15-1O 700MB

VW-R----2O

VW-P-05-03 0420M

3057

---
VI

:
u

-------

vw-R----u3

VW-P-03-01 700MB

SLTL$ STG X

VW-P-05-0!3 0230M

VW-P-1O-1O 7ooMt3

vW-R----lo

---

3006 ----

2976

2960

.-..

26/23

16/14

--/--

27/25

28/26

14/11

----

----

----

CIRc

CIRC

CIRC

--* --- ---

19*6N 112.7E

1904N 11204E

16.9N i1201E

19.ON 111*5E

1U03N 11107E

18.2N 111*4E

1708N 11o.6E

1708N lIoe4E

VW-P-1O-1O 0450M

vu-p-.--lo 0450M

VW-P-03-01 7ooMti

sLTLS STG X

VW-P-02-01 700MH

VW-P-05-05 700MB

vw-R ------

VW-P-iO-05 0450M

--- --- 981 ---

..- 050 963 3008

--- 055 980 2520

DIA 04 BNoS 2

064 --- 977 2907

050 --- 980 2905

.-. --- --- ---

----

----

----

1+/09

17/12

--/--

26/26

CIRC

----

----

CIRC

----

--- 070 967 ---24 0405202 ----



EYE FIXES CYCL~~f
UNIT- 0ti~9 0.S MIN Fl,T THKNS

FIX METHOD FLT LVL SFC t41N 700MB LVL EYE ORILN- EYE tiAI.L
NO. TIME Posi T -ACCY LVL MM) wND SLP HGT TTITO FORM TATioN DIA CLOIJD

----------+--- *-------- ---------------------------- --------- *-------- --------------------------- ------------------ -----
25

26

27

28

29

30

31

32

33

34

35

0407002

0408%2Z

0406252

0415142

0420152

0503002

0505002

050s002

0508302

0511252

0513052

17.801 11O.4E SHIP RDR --- . . . --- --- -- .-/ CIRc

1800N 109.5E SLTLS STG X DIA U3 BNDS 3

17*8N

17.lN

17*or’J

16*8N

16.5N

16*5N

16*6N

16e5ri

1606N

110.2E

109,2E

109.OE

10804E

108,1E

108.1E

108.4E

108.Z’E

108.OE

VW-P-OS-OS

VW-P-05-01

VW-P-05-01

VW-R-02-05

LNO RDR

vw-R----lo

VW-R-O2-1O

LND ROR

LND ROR

0460M --- 075

0450M --- 075

700MII 072 ---

--” ---

--- .-.

--- ---

0290M --- ---

--- -..

--- ..-

966

965

968

---

---

---

---

---

---

---

---

2816

---

.-.

---

---

-..

---

2S/23

22/21

16/12

--/24

/-- --

--J--

/-- -.

/-- --

.-/-..

CIRC

CIRC

CiRc

CIRC

----

----

----

----

----

---- 29 -.

---- 35 10

---- 08 --

---- 10 -.

---- 30 --

--

.-

--

--

-.



TROPICAL CYCLONE 19 -- 08/31/0500Z TO 09/05/2300Z
POSITION AND FORECAST VERIFICATION OATA

STORM POSITION 24 HRc ERROR 48 HR. ERtiOR 72 HR. ERROR
DTG LAT. LoNG, DEG* DIST. DEG. DISI. DEG, OIST.

------------------------ -----*.- ------------------------ ------------

312300Z

O1O5OOZ
Olllooz
011700Z
012300Z

020500Z
O211OOZ
021700Z
022300Z

030500Z
O311OOZ
031700Z
0323002

040500Z
O411OOZ
041700Z
042300Z

050500Z
O511OOZ
051700Z

19.6N 116.OE -------- ---.--0- -..-----

115.4E
114.8E
114.2E
113.9E

076-0192
270-0156
271-0186
284-0072

1907N
19.7N
19.6N
19*2N

---+---- --------

a-------

0--”----

..-*----

--------
-----.--
--------

114.2E

113.7E
113.2E
112.6E

280-0066
278-0078
278-0084

281-0030

19.5N
19.5N
19.5N
19.6N

--------

282-0336
283-0312
280-0166

--------
--------
-“-000-.

.-----”.

290-01d2
302-016~
305-018U
326-U13&

19.2N
18.6N
18.2N
17.9N

112.3E
112.OE
111.5E
11O.9E

073-0096
029-0084
016-0066
329-0102

--------
--------

303-0390
-.------

037-016Z
020-0162
014-0126
326-0186

11O.3E
109.7E
109.2E
108.8E

008-0096
042-0150
039-0036
037-0060

315-027017.8N
17.5N
17.2N
16*8N

w---*---

311-0268
“-------

000-0042

007-0054
252-0054

005-0A65

026-U19~
006-0060

016-022816*6N

16.4N
16.3N

108.4E

107.9E
107.5E 353-0198

AVERAGE 24 HOUR ERROR - 0089 MIo

AVERAGE 48 HOUR ERROR - 0179 MI.
AVERAGE 72 HOUR ERROR - 0274 MI.

5-79
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TROPICAL CYCLONE 20 - 09/16/05002 TO 09Zd4/2300Z
(DELLA)

1. OATA
A. STATISTICS

NuMBER OF wARNINGS ISSUED - 37
;: NuMBER OF wARNINGs WITH TYPHOON INTENSITY - %0
3. ToTAL DISTANCE TRAVELED WRING TROPICAL WARNING PERIW - 15dA Ml

6. Characteristics AS A TYPHOON
MINIHUM OdSERVEC) SLP - 930MBs AT 2i2359Z

:: MINIMUM OBSERVED 700M& HEIGHT - 247BM. A! ci2359z
3. MAxIMUM SURFACE WIND - 12(J KTS (FROM ME51 TRACK)
4* MAxIMUM RADIUS OF SURFACE CIRCULATION - f+do MI

11, DEVELOPMENT
A. INITIAL iMPETUS - DEVELOPMENT OF DIVEHGENCk AT 200Mt3 LEVEL OVER
SURFACE CYCLONIC CIRCULATION

B. INITIAL SURFAcE VORTEX
EM13EOOE0 VORTEX AT 130000Z

$ SURFACE PRESSURE LESS THAN 1009MB

C. 200M8 FLOW A80vE SURFACE VORTEX
INITIAL - NORTHEAST

;: UPON REACtiING TYPHOON INTENSITY - vARlAt5LE

111, FINAL DISPOSITION - BECAME EXTRATROPICAL
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EYE FIXES CYCL;~;
uNlT- Oti:” oils MIN FLT

FIX METHOD FLT LVL
THKNS

SFC MIN 700MB LvL LYE oRlLN- EYL WALL
NO. TIME Pos~ T -ACCY LVL WNLI WNO SLP HGT TT/10 FORf4 lATION DIA cLOUD

-------------------- --------------------------- --..-*--- --------------------------- --------- --------------------------- -

25 2009102 16,7N 129.4E VW-+Q5-02 700Mf3 092 075 943 2676

26 2012002 18.9N 129*OE VW-R-05-05 --- --- . . . ---

27 2014002 1900N 12806E VW-R-05-05 --- --- --- ---

28 202045Z 19.7N 12805E S4-P-03-01 700MB 070 --- 948 2630

29 21OOOOZ 2001N 128.2E 54-P-03-01 700MB 095 lUO 945 2621

30 21023OZ 20.4N 127*9E 54-P-03-U1 700MB 089 075 946 2630

31 210521Z 21oON 127,5E SLTLS STG X DIA U5 8NDS 4

32

33

34

35

36

37

38

39

4Q

41

42

43

44

45

21093OZ

21101OZ

2112012

211410Z

211500Z

211700z

2118152

211910z

212015Z

2120452

212359Z

2203002

2203002

2205152

21Q3N 127,4E

2101N 12702E

21.4N 126*8E

21*6N ~26.5E

21*7N 126*2E

22*ON 12605E

2201N 12605E

22*4N 12509E

22.5N ~2600E

22*6N 125*7E

22*8N 12505E

2300N 125*5E

23*2N 125c3E

23o5N 125.5E

VW.P-20-02

VW-R...”Q7

VW-R-07-05

VU-R----1O

VW-R-02-05

LND RDR

LNO RDI?

LNO RDR

LNO RDR

54-P-01-05

54-P-02-05

LND ROR

54-p-02-05

LNO RDR

7ooMfi 100 105

--- ---

700KW --- ---

--- ---

700MB 060 ---

--- ---

--- ---

--- ---

--- ---

700MB 118 ---

700MM lUQ 085

--- -*-

?Oow 100 100

--- ---

947

--”

---

---

---

---

---

----

---

931

930

.-.

931

.-*

2657

-..

---

---

---

---

---

---

..”

2481

2478

---

2481

---

46 2206162 23c5N 125.OE SLTLS STG X DIA U5 BNDS 4

47 220630Z 23*7N 12503E LND RDR -.” --- ..* ---

4s 220700Z 23*6N 125t4E LND RDR -.. --- . . . --*

22/10 CIRC

--/.- CIl?c

--/-- CIRC

17/12 CIRC

17/11 ELIP

16/11 ELIP

13/08

--/-.

--/11

/.- .-

--/--

-./.-

--/--

17/11

20/12

/-- -.

20/11

--/.-

ELIP

----

ELIP

CIRc

ELIP

----

----

----

----

CIRC

CIRc

----

CIRC

----

--/-- ----

--/-- ----

---- 2’2

---- 20

----- 25

---- 20

Nw-SE 30X20

NE-SW -- --x

NW-SE 25x15

N-$J 60)(50

---- 61J

N-s 53X48

---- 45

---- 40

. ..- 40

--

-.

--

03

--

--

--

--

--

--

--

--

.-

--

--

--

--

--

.-

-.

--

-----
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EYE FIXES CYCLONE
UNIT- FLT OtlE” OBS MIN FLT TIIKNS

FIX METHOO FLT LvL sFC MIN 700M!3 LVL EYE oRlEN- EYE dALL
NO. TIt4E POstT -ACCY LVL nt$o WNII SLP HGT TT/TO FORM TATION DIA CLOUO

--------------------------- --------------------------- --------------------------- --------------------------- -----------
49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

613

69

7fj

71

72

220715Z

220730Z

220800Z

220900Z

220900Z

221OOOZ

22101OZ

221200Z

221300Z

221400Z

221400Z

221500Z

221600Z

2217sOZ

2221OOZ

230000Z

230025Z

2301oOZ

230300Z

230520Z

230900Z

230900Z

230930Z

230930Z

2400N 12503E

23s7N 124*8E

23.8N Iz504E

23*9N 125*4E

24.ON 12503E

24*ON 125*3E

24*2N 125-SE

24*2N 12505E

24*3N 12504E

24*3N 1.25,4E

24*4N i25Q4E

24*4N 125*5E

2407N 125,5E

24*8N 125*7E

25*3N 12509E

25*7N 126*OE

25*7N iz603E

2508N 12602E

26.lN 12602E

LNO RDR

LNO ROR

LND ROR

LNO RDR

VW-It-02-05

LNO RDR

vw-R----o5

VU-R-02-05

LND RDR

LNO ROR

VW-R-02-05

LNO ROR

LNO ROR

LNO ROR

54-+05-05

54-P-03-03

LND RDR

LNO R(IR

54-P-03-05

---

---

--.

---

700MB 060

---

---

700MB 105

---

---

7ooMtl ---

---

---

.-.

500MLI OMO

500Mt3 ObO

---

---

500MB 085

---

-..

---

---

055

---

-..

.*-

..-

---

---

-..

.-.

---

---

100

---

.“-

100

---

---

---

---

*--

---

---

---

---

---

---

---

---

---

937

943

---

---

940

26.5N 12605E sLTLS STG X 01A 05 8NDS 4

2“1.2N ~27.lE LNO RDR --- --- ---

27.Oti 127v2E LNO ROR --- --- ---

27e2N 12703E LNO ROR --- --- ---

27oON 12704E VW-R-O2-1O --- --- ---

---

---

---

---

.-.

---

.-.

-*-

---

..-

.-.

---

-..

.-.

2547

2590

---

.-.

---

---

-..

---

---

/-- --

--/--

/-. --

--/--

--/--

/-- .-

/-. --

-./--

-./-.

-9J/--

/-- .-

/-- --

/-- --

/-- --

05/58

05/58

--/--

--/--

05/58

--/--

-./--

../.-

/.- --

----

----

----

----

ELIP

----

----

CIRC

----

---*

CIRc

----

----

----

CIRC

CIRC

----

----

CIRC

----

----

----

CIRC

NE-SW

----

----

----

----

----

----

--

--

-.

--

45X38 05

--

--

45 12

--

--

50 --

..-

-..

--

40 --

45 --

--

..-

4(J 15

--

--

.-

42 -.
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“NITEYE FIXES CYCL N
~L? 0t3~0 OtjS MIN FLT

FIX METHOO
THKNS

FLT LvL
NO. TIME POs IT

SFC HIN 700MB LVL
-ACCY

EYE ORIEN- E’fE UALL
LVL UNI) WND SLP HGT TT/TO FORM TATION DIA CLOULI

-------------------- -.--” --------------- ----.-*--- -------------------- -------------------- -------------------- ----------

97

99

99

100

101

102

103

241810z 32.6N 131oOE LND ROR -.. ---

2420002 32*9N 130.5E LND RDR . . . *..

242000Z 33*ON 13006E LND ROR .-. . . .

2421oOZ 33o3N 13009E LND RDR --- ---

2421ooZ 33*2N 130*5E LND RDR --- “..

242200z 33*4N 130.2E LND ROR --- ---

242200Z 33,5N 13101E LND RDR --- ---

--- --- --/.. ---- --

--- --- --/-- ---- --

-.. --- --/.- ---- --

--- --- .-/.. ---- .-

--- ..- --/-. . . . . --

--- --- --/”. ---- --

--- --- -/- ..*. --



—

TROPICAL CYCLONE 20 ‘- 09/16/0500Z TO 09/24/2300Z
POSITION AND FORECAST vERIFIcATION UATA

STORM PosITION 24 HR. ERROR 48 HR. ERROR 72 HR. ERROR
DTG LAT. LONG. DEG. DIST. DEG. DIS~. DEG. DIST.

.------ ------. ---------------------- ---------------------- ----------

172300Z

180500Z

1811OOZ
lf31700z
182300Z

190500Z
1911OOZ
191700z
1923002

200500Z
2011OOZ
201700Z
202300Z

2105OOZ

21I1OOZ
211700Z
212300z

220500Z

2211OOZ
221700Z
222300Z

230500Z

231100Z
231700z
232300z

240500Z

2411OOZ
241700Z
242300z

17.3N

16.9N
16.7N
16.5N
16*6N

16.8N
17.lN
17.4N
17*8N

18.3N
18.8N
19.3N
19.9N

20.6N

21.3N
22.ON
22.7N

23.5N

24.2N
24.8N
25.6N

26.4N

27.3N
~8.4N
29.4N

30.3N

31.3N
32.4N
33.6N

134.lE

133.7E
133.3E
132.8E
132.3E

i31.8E
J31.2E
130.7E
130.2E

129.6E
129.lE
128.6E
128.lE

127.6E

i26.9E
126.2E
125.6E

125..3E

i25.4E
125.6E
126.OE

J26.6E

127.3E
12801E
128.7E

129.4E

130.2E
130.6E
131.2E

020-013U

331-0072
299-0048
064-0078
087-0198

085-0126
091-0204
094-0156
087-0216

170-0108
198-0078
226-0072
180-0036

019-0018

034-0042
061-0060
102-0084

076-0090

057-0084
270-0048
267-0096

005-0072

042-0156
051-0090
058-0096

217-0030

065-0096
078-0132
088-0120

AVERAGE 24 HOUR ERf?OR - 0098 MI*

.---.---

.-e-----

--------

--------

--------

--------

-.-.--.-

--------

094-0436

094-0300
093-0444
A02-l)42tJ
090-0474”

168-023+

190-017+
206-O]YU
165-007~

052-0114

050-0106”
046-0114
131-U072

042-014+

042-020+
278-008~
248-Ulo~

049-0378

057-u5km
062-05Z~
068-0438

--------

--------
---.----
.--*----
------.-

--------
.-------
--------
-----.--

--------
-----*--
0-------

*-------

098-0582
--------

099-0714
--------

167-0396
--------

213-0396
-.------

044-0294
--------

052-0072
--------

057-0306
------.-

090-0060
--------

AVERAGE 48 HOUR ERROR - 0270 MI*
AVERAGE 72 HOUR ERROR - 0352 HI*

5-91
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TRoPICAL CYCLONE 21 - 09/16/0500Z TO 091~3/0500z
(CARMEN)

1* DATA
A. STATIS1lCS

1. NuMBER OF wARNINGs ISSUED - 30
z. NUMBER of wARNINGs WilH TYPHOON INTENSIIY - ]7
3. TOTAL DlslANcE TRAVELED OUF?ING TRoPICAL WARNING PERIOD - 1360 MI

tie CHARACTERISTICS AS A TYPHOON

MINIMUM OtiSERVEll SLP - 93bMt3S AT 1903QOL
$: MINIMUM OBSERVED 700Mtl HEIGHr - 2530M. ~t 190300Z
3. t4AxIMUM SUQFACE WINO - 110 KTS (FROM BLST TRACK)
4* MAXIMUM RA[)IUS of sURFACE cIRCULATION - J60 MI

11. L)EVELOPMENT
A. INITIAL IMPLTUS - DEVELOPMENT OF DIVERGENCE AT i?00ML3 LEvEL ovER
SURFACE CYCLLhNIC CIRCULATION

B. INITIAL SIJRFACE VORTEX
1. JuNCf[ON ~oRTEA AT 151JoOOZ
2. SURFACE PRFSSURE LESS THAN l~lOMB

c. ~OOMB FLOW ABOVE SURFACE VORTEX

1. INITIAL - NORTHEAST
2* UPON REACHING TYPHOON INTENSITY - ANTICYCLONIC

111. FINAL LJISPOSIIIUN - 13ECAME EXIRATHOP~CAL
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EYE FIXES CYCLONE

FIX
uNlT- FLT Oti: ‘ OBS MIN FLT

METHOD FLT LvL
TtiKNS

NO. TIME PosiT
SFC MIN 700M13 LVL EYE

-ACCY LVL
ORIEN- EYE

WNLl
WALL

WND SLP HGT TT/TO FORM TATION l)IA CLOUD ,
-----------” ---------------- --------------------------- --------------------------- ------------------ .-------- ------------

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

160+36z

1608352

1612302

1614352

1621oOZ

170300z

1705312

1707202

1708202

171200z

1714052

1721OOZ

1803002

180431Z

1808372

18121OZ

1814102

1821202

190300Z

190526Z

19091s2

191410Z

1921oOZ

200230Z

1600N 151oOE

1701N 15001E

17.ON 14905E

1608PJ 149o7E

16*9N 149c3E

17.lN 148.6E

17-ON 148*OE

1702N 148e5E

17*4N 148.lE

17*4N 14708E

1705N 147w8E

17.9N 147s4E

18*6N 14700E

19.ON 147*OE

1902N i46.7E

19.8N 146.6E

2005N 147.OE

2104N 14602E

22.IN 145o8E

2300N 14505E

23*oN 14504E

2306N 14409E

24.4N 144.7E

25Q3N 144.3E

SLTLS sT13 -

VW-P-05-05 0300M

VW-R----15

VW-P-OS-15 0330M

54-+02-03 0460M

54-P-1O-U5 700MB

SLTLS STG X

VW-R----1O

VW-P-03-(11

VW-R-03-05

VW-R-02-05

54-P-05-01 7ooMtl

54-P-05-05 700MB

SLTLS STG X

VW-P-03-05 7ooMtl

VW-R-O5-1O

VW-R-02-Q5

54-P-05-05 700MB

54-P-05-05 700MEi

SLTLS STG X

VW-P-05-03 0450M

VW-R-lO-10 3300M

54-P-03-05 7oot4tJ

54-P-O3-1O 700Mtl

DIA ‘- BNoS -

047 045 991

--- -“- ---

040 --- 990

050 040 985

055 040 981

IIIA U4 BNDS 4

.-* .-. --”

--- 050 ---

--- --- ---

--- --- ---

063 0?0 950

Obo 040 944

OIA us 8NDS 3

090 090 956

--- --- --.

--- --- ---

06S 080 9!50

090 085 935

OIA 06 ENDS 4

--- 100 939

0s0 --- ---

0s0 085 936

090 085 939

-“- 24/22 CIRC

--- --/-- ----

3005 24/22 CIRC

--- 26/20 ----

2899 15/10 ----

--- --/-. ----

--- 24/22 CIRC

/--- -- -- CIRC

/--- -- -- CIRC

2664 20/11 CIRC

2539 23/12 CIRC

2412 16/10 CIRC

--- --/-- CIRC

/--- -- -- ----

2560 17/14 CIRC

2530 17/13 CIRC

2632 26/22 CIRC

--- --/.. CIRC

2536 19/14 CIRC

2554 18/12 CIRC

*---

----

----

----

----

----

----

----

----

----

----

----

----

----

----

40

50

35

30

30

20

1s

12

12

20

20

35

30

30

40

--

--

. .

--

--

--

--

--

--

--

05

--

08

--

. .

--

05

08

--

--



ul

A
u

“NITEYE FIXES CYCLON”
FL! (# 0ss MIN FLT THKNS

FIX METHOD FLT Lv1. SFC MIN 700MB LVL EYE l)RlEN- EYE
NO. TIME

*ALL
POst T -ACcY LVL ml) wNo SLP tiGT TT/TO FORM TAIIL)N DIA CLOuD

---------------------------- --------------------------- --------------------------- --------------------------- ------------
25

26

27

28

29

3fJ

31

32

33

34

35

36

37

38

39

40

41

42

200426Z

2OO91OZ

201405Z

202115Z

2102OOZ

2105P1Z

2108OOZ

21091oz

211222Z

2114052

212107Z

220240Z

220426Z

220905Z

2209252

2214202

2221OOZ

230$20Z

25*5N

26*2N

27.11’J

280 3N

29.2N

3ooorJ

30.ON

30.5N

30.7N

30.8N

3107N

3~.2N

32,0N

33.lN

33.2N

33.lN

34,8ti

37*ON

143.!5tI

143.7E

14300E

142.7E

142*8E

14300E

143*OE

143*2E

143*4E

143e2E

144QOE

143*9E

144.5E

144.5E

144.2E

144.3E

14409E

14700E

SLTLS

VW-P-05-03

VW-R-03-03

54-P-1)3-03

54-P-03-03

SLTLS

VW-R.---15

VW-P-05-05

ACF1 RDR

VW-P-1O-1O

54-P-05-OS

54-P-O5-1O

SLTLS

VW-R ----1o

vW-P-03-06

VW-R-04-08

54-P-05-05

SLTLS

STG X

700MB

700MB

700MB

STG X

0280M

700UB

700M13

700MB

STG X

0450M

7ooMt3

STG X

OIA 05 BNDs 4

100 --- 942

--- .-. . . .

080 055 958

070 065 953

OIA 04 BNoS 3

..- .-. ---

052 065 957

--- . . . ---

..- ..- 964

06Z 050 959

075 060 963

DIA U4 ENDS 2

--- --- ---

--” 055 974

-.. . . . ---

062 025 972

DIA U4 BNDS 2

2628

“-”

2722

2685

---

2816

-..

2792

2729

2762

---

*--

---

2871

17/13

.-/--

16/--

16/12

/.- --

24/23

../-.

16/13

16/14

16/14

--/.-

24/22

..-/-.

13/12

CONC

CONC

CONC

CIRC ‘---

----

CONC

----

CIRC ----

CIRC ----

----

----

CIRC ----

CIRC ----

CIRC ----

70-20

65-25

70-30

30

70-30

50

40

50

50

50

10

10

--

..-

--

--

--

.-

. .

--

--

--

F.8.

--



TROPICAL CYCLONE 21 ‘- 09/16/0500Z TO 09/23/0500Z
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 Ht?, ERROR 72 HR. ERROR
DTG LAT. LON,G. DEG. DIST. OEG. DIStO DEG. DIST.

------- -------- .m-- 4--------------------- ------- --------------------

1611OOZ
161700Z
162300Z

170500Z
1711OOZ
1717002
1723002

180500Z
1811OOZ
ld1700z
182300Z

1905002
1911002
lY1700z
192300Z

2005002
2011OOZ
201700Z
2023002

2105OOZ
2111OOZ
211700Z
212300Z

220500Z
2211OOZ
221700Z
222300z

230500Z

17.ON
16.9N
16.9N

150.OE
149.6E
i49.2E

148.6E
J48.2E
i47.6E
147.2E

--------
--------
--------

--------
--------
--------

-.----.-
--------

17.ON

17.2N
17.6N
18.2N

048-0096

288-0018
180-0030
180-0084

-.------

--------
--.-----
--------

--------
------.-
..------

L46.9E
146.7E
146.5E
146.lE

145.7E

J45.3E
144.9E
144.4E

143.9E
i43.4E
142.9E
142.7E

142.9E

143.2E
143.5E
143.8E

144.lE

144.3E
144.7E
145.2E

145.9E

z!58-olo8
226-0114
226-0144
199-0108

18.9N
19.BN
20.7N
21.7N

--------

215-Olti~
208-0226
191-0266

--------
.----.--

w..---.-

--------

158-0030
153-0024
037-0030
040-0090

245-0264
231-026+
231-(12t6
2J6-O1O2

22.5N

23.2N
23.9N
24.7N

--------

--------

211-0366
------.-

25.6N
26.5N
27.4N
28.4N

150-0060
085-0060
090-0054
132-0084

112-0076
093-0102
064-OIUi?
069-OidU

239-0330
--------
227-0372
--------

29.4N

30.4N
31.2N
32.ON

111-0096
175-0072
261-0108
023-0078

160-0194
104-0120
098-Uli+
119-OIZU

116-0i44
--------

069-0240
--.--.--

32.7N

33.5N
34.3N
35.2N

039-0162
051-0186
044-0156
068-0174

091-0174

167-00ti4
234-0030
062-0318

178-0294
--------

107-0258
.---.---

36.3N 244-00A2 074-U2J4 092-0438

AVERAGE 24 HOUR ERROR - 0087 MI.
AVERAGE 48 HOUR ERROR - 0172 MI.
AVERAGE 72 HOUR ERROR - 0305 Btl.

5-98
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TROPICAL CYCLONE 22 - 09/24/0500Z TO lo/ol/1100Z
(ELAINE)

I. DATA
A. STATISTICS

NUM8ER OF wARNINGS ISSUED - 32
:: NuMBER OF wARNINGs WITH TYPHOON INTENSITY . 19
3. ToTAL DISTANCE TRAVELED DURING TROPICAL WARNING PERIOD - 1326 MI

Is, CHARACTERISTICS AS A TYPHOON
1. MINIMUM 0t3sERVED SLP - 908M8S AT 270300Z
2. MINIMUM O&jERVEO 700MB HEIGHT - 2234M. A~ 270820z
3. MAxIMUM SURFACE WIND - 150 KTS (FROM BCsl TRACK)
4. MAXIMUM RADIU$ OF SWFACE CIRCULATION - 540 MI

11, DEVELOPMENT
A. INITIAL IMPETUS - DEVELOPMENT OF DIvERGENCE Al Zi)OMB LEVEL OvER

SUt?FACE CYCLONIC CiRCIJLATION

0, INITIAL SURFACE VORTEX
1. JuNCTION VORTEX AT 221200Z
2. SURFACE pt?ESSUI?E LESS TtiAN 1008MB

c. 200MB FLOW AtioVE SuRFAcE VORTEX

10 INITIAL - EAST
2* UPON REAcHING TYPHOON 1NTENSIT% - ANTICYCLONIC

111. FINAL DISPOSITION - DISSIPATEU OVER LAND
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EYE FIXES CYCL:::
UNIT-

22

FIx
Ot)s 08s MIN FLT THKNS

METHOO FLT LvL SFC MIN 700MB LvL EYE fJRlkN- EYE
NO. TIME POSIT -ACCY

k’ALL
LVL WNO WNO SLP HGT TT/To FORM TATION DIA CLOUll

------------------------ -------- -------- ------------------------ ---------------- -------- -------- -------- -------- ----:--

1

2

3

4

5

6

7

8

9

10

.
11

12

13

14

15

16

17

18

19

20

21

22

23

24

Z30555Z

240230Z

240607Z

i?42100Z

250230Z

250511Z

2511152

251200z

251400Z

252032Z

260300z

260602Z

260815Z

261325Z

2614002

261830Z

2621oOZ

270300z

270657Z

270820Z

271620Z

2716452

272000Z

280300Z

.-
06.4N &36.8E VU+-lO-10 0450M --- 025 004

0903N 133.9E

1200N 13500E

11*3N 130.5E

1105N 13003E

13.ON 130.OE

1206N 129*2E

12*8N 129*5E

13*ON L2903E

13.5N 128.6E

14.2N i27Q8E

15*ON i27.OE

1407N i27s7E

1505N 126.4E

A506N 126*4E

16*2N ~25.8E

16.ON 125.7E

1608N 124.7E

17,5N 12405E

17*2N ~24*4E

1702N 123.3E

1702N i2302E

1794N 12300E

17*6N 122.6E

54-p-03-20 0500M

SLTLS STG B

54-P-05-05 700MB

54-P-1O-O5 7oontl

SLTLS STG B

VW-R---.15

VW-P-15-OS 0270M

VW-P-1O-O5 0460M

VW-F’-O3-O3 0400M

54-P-03-03 700HB

SLTLS STG X

54-P-03-01 700MEI

VW-R----1O

VW-R-02-03 2130M

vw-R-.-.o5

vW-R-03-02

54-P-05-02 700MB

SLTLS STG X

54-p-03-02 700M@

vW-R----15

VW-R-02-05

vw-R-02-05

54-P-00-01 500MB

013 020 003

DIA -- ENDS -

043 --- 981

057 050 976

OIA ‘. BNIj!j .

--- --- ---

O*O 035 986

050 045 987

--- 045 984

Oiilo 060 961

I)IA ~2 BNDS 2

075 080 955

--- .“. . . .

03M --- ---

--- --- . . .

--- --- ---

075 100 908

DIA 04 BNDS 2

065 100 ---

--- . . . ---

--- --- ---

--- --- “--

0b5 100 930

---

---

2908

2899

.-.

.-.

---

---

2755

2694

---

---

---

---

2271

2234

. . .

---

---

---

2S/26

25/--

15/12

17/11

/-- --

24/23

24/23

24/22

17/12

17/12

/-- . .

-./..

--/*-

/-- --

26/20

20/14

/-- --

--/--

.-/...

08/02

CIRC

CIRC

----

CIRC

----

CIR<

----

CIRC

CIRC

CIRC

----

CIRC

CIRC

CONC

CIRC

CIRC

----

CIRC

CIRC

CIRC

----

----

----

----

*---

----

----

----

----

----

----

----

----

----

45

60

09

12

20

10

10

03

03

15-05

05

05

u “r

U8

03

.“

--

--

--

--

-..

-.

.-

10

..-

--

05

.-

--

03

03

-..

--

--

03



u-l
I

‘YE‘lXEScycL%f0t&2 OBS MINuNlT- FLT THI(NS

FIX t4:4::D FLT LVL SFC MIN 700MH LVL EYE Ol?l LN- EYL tiALL
NO● TIME POSIT LVL wr’JIJ blND SLP HGT TT/TO FORM TATION DIA CLOUD

--------------------------- --------------------------- --------------------------- ------------------ ------------------ ---
25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

49

46

280601z

280850Z

281500Z

282000Z

2903007

2906562

290800Z

2909002

291600Z

291645Z

292030Z

300557Z

3OO61OZ

300924Z

301459Z

3018002

3020152

O1O3OOZ

O1O6I)OZ

O1O6S2Z

O1O9OOZ

020592Z

17.5N 122.5E

1800N 122*2E

113.5N 1?105E

18*9N ~2007E

1900N 119*9E

19*ON 119.5E

1904N 119*4E

19.5N 119c2E

19.7N 118*7E

19,9N 119.OE

2001N 11805E

21*ON 11800E

2009N i18s2E

2106N 11709E

22c1N 117.7E

22*2N 11703E

22.2N A17sOE

2209N 116*6E

23*2N 116.4E

23*oN i16.5E

2304N 116*2E

23*oN 116*5E

SLTLS STG X

54-%03-03 500MB

VU-R-IO-15

VW-R-05-10

54-P-03-01 700M13

SLTLS STG X

54-P ------ 7ooMtJ

54-P-03-01 7001M4

VM-R----2O

VW-R-lO-10 0320M

VW-R-05-10

SLTLS STG X

54-P-03-1)5 700MII

54-P-1O-O5 700MB

VW-R*05-15 1890M

VW-R-OS-15

VW-R-05-15

56-R-05-05 700MM

54-R-10-20 700MB

SLTLS STG X

34-R-15-25 3000M

SLTLS STQ X

DIA U4 BNDS 2

(lbo --- ---

--- ..- ---

--- --- ---

040 050 982

DIA 05 BNDS 3

-.. --- . . .

072 055 969

..- .-. ---

-.. . . . ---

--- --- ---

OIA 05 BNDS 3

OMO 065 983

082 080 978

--- --- ---

.-. --- . . .

-.. --- .-”

045 035 ---

050 060 ---

DIA 03 BNDS 3

05s 050 ---

DIA 03 BNDS 2

---

---

-..

283B

---

2829

-*-

---

. . .

2929

2917

. . .

---

---

---

-*.

---

06/011

/-- --

--/--

14/12

/-- -.

15/11

-../-.

--/--

../--

15/09

17/14

.c/--

../.-

.-/..D

--/12

--/12

../--

CIRC

CIRC

CIRC

CIRC

--”.

CIRC

----

CIRC

CIRC

----

----

EL1p

----

.-..

cIRC

----

----

----

----

----

----

*---

----

----

NE-SW

----

05

15

13

20

30

30

40

70X35

10

--

--

--

05

--

--

-.

--

--

--

--

.-

--

-.

03

--

-.



TROPICAL CYCLONE 22 ‘- 09/24/0500Z TO lU!ol/1100Z
POSITION AND FORECAST VERIFICATION ~ATA

STORM POSITION 24 HRs ERROR 48 HR. EI?ROR 72 HR. ERROR
DTG LAT. LONG. DEG. DISTa DEGo DIS!* DEG. DIST.

-------------- --------------- --------------------- -------------- .-e-
241700Z
242300Z

250500Z

2511OOZ
251700Z
2523002

2605002
2611OOZ
2617002
2623002

2705002
271100Z
2717002
272300Z

2805002
2811OOZ
281700Z
282300z

290500Z
2911OOZ
2917002
292300Z

3005002
3011OOZ
3017002
302300z

O1O5OOZ

10.5N
11.ON

11.7N

12.5N
13.3N
13.9N

14.5N

15.lN
15.tIN
16.3N

16.8N

17.lN
17.3N
17.6N

17.8N
18.lN
18.3N
18.6N

19.ON

19.5N
20.lN
20.7N

21.2N

21.8N
22.2N
2205N

22.9N

131.7E
130.9E

130.lE

129.4E
128.8E
128.2E

127.6E

126.9E
126.3E
125.5E

124.7E

124.oE
123.3E
122.7E

122.3E
L21.8E
121.2E
120.5E

119.8E

11902E
118.7E
118.3E

118.OE

117.7E
117.4E
117.OE

116.5E

-------e

-.---..C

171-0084

153-0132
163-0168
245-0138

203-0108

237-0042
231-0090
214-0108

221-0102

201-0102
214-0084
226-0090

273-0108
278-0120
246-0084
222-0072

171-0078

172-0096
191-0066
203-0120

213-oo96

234-0108
180-0090
212-0090

191-0096

--------
--------

--------

--------
. . . -----
..c...---

---------

--------

--------

240-0240

196-0195

224-018b
230-0234
230-0228

236-0166
234-0168
224-0204
234-oi9i

243-U216

:;;-;:;:
“

217-0312

193-02!S?

196-0252
212-0252
221”0256

206-0174

------.-
--------

--------

-------.
----.---
“--.----

--------

-----.--

---..-.-

------.-

.---..--

------.-

.-------

--------

208-0222
--------

243-0378
--------

242-0186
“.---w--
220-0276
--------

232-0420
--------
228-0540
--------

202-0420

AVERAGE 24 HOUR Ef?ROR - 0098 MI.
AvERAGE 48 HOUR ERROR . 0229 MI,

AVERAGE 72 HOUR ERROR - 0348 Ml,

5-106



?!
,,.—”,

g, “:$n’~~,+ ,8 $7 ;: ~
t

,.. - . . .

SHANOMAt TYPHOON ELAINE
L

oYcLoNi 22. .-.. .- -.. .

24 HR FCST POSITS

:24 SEPTEMBER -01 OCTOBER 1968
LEGEND

,,

,-”

..- -.. . ----- 0----24 HR FORECAST post= -

d+ ‘

\ 7% ,y ,t,?zl ~7,2 .-z. . . . . . .
~ 6 HR BEST TRACK FOSITS

1,. i’ ,.. . . . . .
Q135

2W. .

‘1”!..
\

“:%i.<
‘,-ii%



TROPICAL CYCLONE 23 - 10/02/05002 TO lo/U9/1700Z
(FAYE)

1. DATA
A. STATISTICS

NuMBER OF wARNINGS ISSUED - 31
;: NIJMBER OF wARNINGs WITH TYPHOON INTENSITY - 21
3. TOTAL DISIANCE TRAvELED DURING TRuPICAL wARNING PERIOD - 1500 MI

B. CHARACTERISTICS AS A TYPHOON
MINIMUM OtJSERVED SLP - 911M6s AT 050200Z

;: MINIMUM OUSERVEO 700MB HEIGHT - Z29(3M. A! 050200Z

3* MAXIMUM SURFACE WIND - 145 KTS (FRoM BESI TRACK)
4. MAXIMUM RADIUS OF SURFACE cIRCULATION - 600 MI

11s DEVELOPMENT

A. INITIAL IMPETUS - DEVELOPMENT OF OIVEI?GENCE Al 200MB LEVEL OVER
SURFACE CYCLONIC CIRCULATION

8. INITIAL SURFACE VORTEX
JuNCIION VORTEX AT 2712002

;: SURFACE PRESSURE LESS THAN 1007MB

C. 200MB FLW ABOVE SURFACE VORTEX
INITIAL - EAST

;: UPON I?EACHING TYPHOON INTENSITY - NORltitikSl

IIIo FINAL IjISPOSITIUN - BECAME EXTRATROPICAL
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EYE FIXES CYCLONE
uNlT- FLT

FIX
oi3:3 OHS

METHOD
MIN FLT THKNS

FLT LvL SFC MJN 7ooMti LVL EYE ORIfAN- EYE
NO● TIt4E PoslT -ACCY

WALL

LVL WNo HND SLP HGT TT/TO FORFI TAT1(JN L)IA CLOUD
--------- -------e- .-----.” -------------------- .---.---.-..----.---.--.,--- ---- . . . . . . . . . . . . . . .-------- ------------------ .-

1

2

3

4

5

6

7

0

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

O1O3O1Z

0203502

0203s22

O21OO6Z

0214502

0221302

030230Z

0304472

0308502

031400Z

0321252

0402152

0403512

0408202

040925Z

0414002

O421OOZ

050200Z

0502152

0509252

051200Z

05141)OZ

0520s52

060300Z

1105N 158*5E

15.ON 157,8E

15mON 157.OE

1502N 157*5E

1502N 1513c4E

15,2N 158,1E

15.5N 158.3E

16,0N 158*5E

15.8N 159,0E

1605N 15901E

16,9N 159.9E

17*3N 160*4E

17*5N 16005E

1708N 161s4E

1708N 16104E

1803N 16108E

1809N 162*4E

19.2N 162.7E

19.ON ~63,0E

18.9N k63.8E

19*2N 164*1E

1905N i64.oE

19.6N 164.2E

19*9N 164*5E

SLTLS STG C

54-P-1O-O3 0470M

SLTLS STG B

VU-P-05-01 0410M

VW-P-1O-O1 O51OM

54-P-06-02 700MB

54-P-06-02 700Mil

SLTLS STG )(

VW-R-05-05

VW-R-05-02

54-p-12-02 700Mt3

54-P-05-01 700MB

SLTLS STf3 X

vw.R.---I5

VW-P-1O-O3 7ooMtl

VW-R-05-05

54-P-1O-O1 700M8

54-P-1O-O1 700MB

sLTLS STI3 X

vW-R-1O-O5

VW-R ------

VW-R-08-05

54-P-03-05 700MH

54-P-01-03 700MB

DIA -- BNDS -

035 035 996

DIA ‘- BNDS -

--- 030 000

--- 035 998

050 055 982

041 070 976

DIA u3 8NDS 2

--- “.- ---

--- . . . ---

050 075 952

085 (lt)o 933

DIA 03 ENDS 3

--- --- ..*

079 --- 944

--- ... ---

065 090 919

130 100 911

DIA ~4 BNDS 3

-.. --- ---

--- --- ---

--- --- .-”

125 130 923

152 120 918

. . .

---

3087

2951

2863

---

---

2688

2530

-“-

2542

---

2368

2298

.-.

---

-..

2411

2351

28/25

27/24

27/24

17/--

18/12

--/--

-,./--

17/12

21/13

..-/”-

18/11

-./-.,

16/11

17/11

/-- --

/-- -.

/-- --

16/10

16/11

CI!?C

CIRC

CIRC

CIRC

CIRC

CII?C

CIRC

CIRC

CIRC

----

CIRC

CIRC

CIRC

CIRC

CIRC

----

CIRC

CIRC

CIRC

----

----

----

----

----

----

----

----

----

----

----

----

----

----

*.-*

----

----

03

03

03

20

20

14

14

14

15

10

10

07

06

30

30

20

15

F,ll,

F.B,

Fone

--

--

--

.-

--

-“

-.

07

--

--

--

05

-.

-.

--

04



.-

--

.-

--

.~.~

,“*,

g.,

--

--

.-

--

.-

!-)1

.-

----

----

----

----

Se----3813

----

----

07.----3u13

----

----

----

0?----3M13

fii!----M13

0?----X413

?1/91

--/91

2T/9T

?1/91

2T/LI

i!t/LI

--/v-

l?!z/Lz

21/1.?

11/91

.-/.-

11/tz

86L2

%.382

VEL2

91LZ

---

---

-SCINS--v~o

----o-
S90

9960s0!390

-S(3N13--VIQ

996---010

S96S*OSso

*L6---590

*L15---OEO

cSONG$0VIO

6s60s0S10

956!vIo0s0

...------

301sSills

9HOOLOT-oI-d-AA

WO~i!OsO-oI-d-Mh

301sSills

8bIOOLOT-SI-d-$S

SWOOLSO-01-d-9S

8WOOlSO-SO-d-MA

UWOOLSO-YO-d-HA

x91sSills

9WOOLSO-St-d-*S

WOOL~O-SO-d-ts

01-SO-tJ-MA

WOLZO5il-SO-d-MA

x91sSills

30”991NO*T*

3Z”S9TNE*Efl

3Z**91Ne”tc

3S”Z9TNo”oc

30*GJtN8’6?

3E”Z91N8”0?

3**Z91FM”li?

31”.?91N*”%?

30”C9TN0”9i!

31”E91N6”+Z

3Z”t91Nb”+?

3~*E9TN?*CZ

01S28F.6060S80SWOOL~O-o~-d-+S30”b91N6*TZ

OESZS+60800809WOOLSO-ot-d-+S3$”*9INS’tZ

------......Ot-CO-tI-MA3iT”~91N9*O?

09%?096---01119WOOLCO-SO-d-MA3C*$91NS*02

bsONecowxax91sS111S3S”+91NO*OZ

Z9CCOOI

ZOoC160

2s16060

ZSh~060

ZOoZ060

ZOIIZ80

zos*lflo

2S28000

Z()*C080

Zoocoeo

ZOOIZLO

zOo+ILo

z0060~o

z9wo/.o

ZO*IOLO

zoftz.90

ZZOC190

Z6z6090

z9*~09fl

J-J

--------------------------------------------------------------------------------------.--*-----------*-----------------
(lno-17Vl(-1NOIIV1HMclj01/1119HdlSONMaNmlA1A33V-l!SOd3nIl●ON
l~VM3A3‘N31M03A3lA191100LNIW3As7A7Ald00HA3WXxd
SN)WII114NIW
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TROPICAL CYCLC)NE 23 -- 10/02/0500Z TO 1~/09/1700Z
PoSITION AND FORECAST VERIFICATION uATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR 72 HR. ERROR
l)TG LAT. LONG. DEG. DIST. DEG, UIST, DEG. OIST.

-------------- ---------------------- --------------------- ----*.- ----
021700Z
022300Z

030500Z
O311OOZ
031700Z
I)3Z?300Z

0405002
O411OOZ
041700Z
042300Z

050500Z
O511OOZ
05i700z
052300Z

060500Z
061100Z
061700Z
062300Z

070500Z
O711OOZ
071700Z
072300Z

080500Z
O811OOZ
0817002
082300Z

090500Z

O911OOZ
091700Z

14.8N
15.2N

15.7N
16.3N
16.7N
17*1N

17.5N
18.ON
18.6N
19*ON

19.2N
19.4N

19.5N
19.7N

20.lN
20.6N
21.lN
21.7N

22.3N

23.ON
23.7N
24.6N

25.5N

26.7N
27.9N
29.2N

30.6N

32.3N
34.7N

15tl.lE
158.3E

15LI.6E
159.lE
159.6E
160.2E

160.8E
161.5E

162.lE
162.6E

163.3E
163.8E

16401E
164.4E

164.5E
164.5E
164C4E
164.lE

163.9E

163.7E
A63.4E
163.lE

162.8E

162.5E
162.3E
i62.6E

163.4E

164.5E
A6belE

--”.----

--------

271-0234
262-0228
224-0126
24!i-0198

249-0162
270-0150
281-0180
285-0042

01O-OO36
344-0066
004-0096
019-0090

360-0084
090-0036
055-0048
141-0072

115-0096
158-0030
157-0078
116-0066

169-0066
170-0072
165-0096
070-0048

167-0078

168-0060
229-0186

--------
--------

-..-----

--.------
--c---- -

--------

--------

.-.----0

-------.

255-0444

270-0346
285-0354
296-0330
324-Olb~

009-008+
356-0]02
(t13-olu
049-0144

042-007c!
115-0106
095-(J132
137-o19i

124-0198

149-01>0
~56-OZZ~
150-0192

188-ti2dd

197-l12”?0
202-0384

--------
--------

--------
--------
.-----.-
--------

--------
--------

--------
--------

--------
--------

--------
---*----

283-0486
-*------
305-0378
--------

056-0072
--------
042-0156
0-------

101-0090
--------
125-0258
--*-----

153-0330
--------
190-0504

AVERAGE 24 HOUR ERROR - 0100 MI*
AVERAGE 48 HOUR ERROR - 0211 MI.
AVERAGE 72 HOUR EfiROR - 0284 MI,
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TROPICAL CYCLONE 24 - lo/14/2300Z TO 10/d3/2300z
(mORIA)

I- DATA
A. STATISTICS

1. NuMBER OF wARNINGS IsSUED - 37
i?. NuMf3ER OF wARNINGS WITH TYPHOON INTENSIIY - 13
3. ToTAL DiSIANCE TRAvELED WRING TROPICAL WARNING PERIOU - 1236 MI

e. CharaCteriStiCS AS A TYPHOON
MINIMUM OBSERVEO sLP - 942M13S AT 190300Z

& MINIMUM OtlSERVEO 7ooMb HEIGHT - 27J6M. A! 190300z
3. MAXIMUM SURFACE WIND - 090 KTS (FROM tkS~ TRACK)
4. MAXIMUM R~DIUS OF SURFACE cIRCULATION - 54(,) MI

II* l)EVELOPMENT
A. INITIAL IMP&IUS - FRACTURL OF A POLAR TROUGH ANl) AN EASTERLY WAVE

0. INITIAL SURFACE VORTEX
EMBEOOEU voRTEX AT 1312002

:: SURFACE pRESSURE LESS THAN 1006MB

Cc 200MB FLOW ABuvE SURFACE VORTEX

1. INITIAL - NORTHEAST

2. UPON REACHING TYPHOON 1NTENSIT% - ANTIcy~LONIC

1110 FINAL. DISPOSITION - BECAME EATRATRoPICAL
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TROPICAL CYCLONE 24 -- 10/14/2300Z TO lQ/23/2300Z
pOSITION AND FORECAST vERIFICATION UAIA

STORM POSITION 24 HR. ERROR 48 HR. ERROR 72 HR. ERROR
OTG LAT. LC)NG. DEG. DIST. DEG. UIS~o DEG. DIST.

------- ------- --------------- --------------------- ------------------

1611002
1617002
1623002

1705002

1711OOZ
17A700Z
172300Z

1805002
1811OOZ
1817002
1823002

1905002
1911OOZ
1917002
1923002

200500Z
2011OOZ
2017002
202300Z

2105OOZ
2111OOZ
2117002
2123002

220500Z
2211OOZ
221700z
222300z

230500Z
2311OOZ
2317002
2323002

AVERAGE
AVERAGE
AVERAGE

14.8N 134.8E
15.3N 134.2E
15.6N 133.6E

16.ON 133.2E

1606N 132.9E
17.lN 132.9E
17.5N 133.OE

18.ON 133.lE
18.5N 133.oE
19.ON i32.9E
19.5N A32.8E

20.lN 132.8E
20.8N 132.6E
21.4N 132.4E
22.ON 132.oE

22.6N 131.9E

23.lN 132.oE
23.5N 132.2E
23.8N 13205E

24.lN 132.8E

24.5N 133.oE
24.8N 133.lE
25.2N 133.2E

25.6N 133.2E
26.lN 133.2E
25.9N 132.9E
25.8N 133.5E

26.2N 134.oE
26.7N 134.4E
27.3N 134.8E
28.ON 135.4E

24 HOUR ERROR -
48 HOUR ERROR -
72 HOUR ERROR -

------- -
--------

191-0156

069-0096

074-0102
054-0078
090-0018

244-0048
282-0078
291-0078
255-0042

116-0012
060-0030
082-0042
098-0078

072-0132
072-0132
063-0168
038-0096

031-0114

012-0114
012-0090
037-0108

046-0144
053-0126
061-0096
042-0078

024-0150
019-o1O8
011-0102
218-0162

0095 MI.

0238 MI.
0379 MI*

--------
--------
-.----”-

--------

--------

--------

------- -

------.-

--------

--------

108-UO1~

244-009U
306-OiOd
263-0096
207-u04a

079-U120
072-o150
068-0174
064-0166

056-0354
059”0384
059-0436
051-036~

044-U37Z
045-030$
045-(1324
050-0366

051-0328”
052-0354
050-019Z
058-0156

--------
----.---
--------

*-------

--------
------AS

---.----

--------

---”--.-

--------

--------

--------

--------

“-e-----

--------

212-0090
--------

336-0042
--------

061-0240
--------

062-0312
----.--.

065-0738
--------

066-0852
-.------

-.------
--------
--------
------.-

5-123
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TROPICAL cyCLONE 26 - 10/20/11002 TO lo/Z4/2300Z
(IRMA)

10 OATA
A. STATISTICS

1. NuMBER OF uARNINGS IsSUED - 19
2. NuMBER OF wARNINGS wITH TYPHOON INTENSIIY - 04
3. ToTAL DISTANCE TRAVELED tWRING TRoPICAL wAFtNINGPERIO() - 1764 MI

B, CHARACTERISTICS AS A TYPHOON
MINIMUM OHSERVED sLP - 946M!3S AT 232200Z

:: MINIMUM OdSERVEO 700MB HEIGHT - 2700M. A! Z32200Z
3. MAxIMUM SURFACE WIND - 080 KTS (FROM BESI TRACK)
4. MAXIMUM RADIUS OF SURFACE CIRCULATION - 360 MI

110 DEVELOPMENT
A. INITIAL IMPETus - FRACTURE OF A pOLAR TROuGfi ANO AN EASTERLY WAVE

B, INITIAL SURFAcE VORTEX
JuNCTION VORTEX AT 181200Z

;: SURFACE PRESSURE LESS THAN 1008MB

C. 200MB FLOW AfIOVE SURFACE VORTEX

INITIAL - NORTHEAST
;: UPON REACHING TyPHOON INTENSITY - S0UlHUJt5T

111, FINAL DISPOSITION . BECAME EXTRATROPICAL
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EYE FIXES CYCL:~f
UNIT- o&6 013S MiN FLT TtIKNS

FIX METtiOD FLT LvL sFC UIN 700MB LVI. EYE
TIME

ORltN- EYE
NO.

dALL
POslT -ACCY LvL WNU wND SLP HGT TT/TO FORM TATION DIA CLOUO

-------------------- --------------------------- ----------------------------- --------------------------- -----------------
25 2222302 16Q9N 145.4E 54-P-OS-OS 700MB 060 050 975

26

27

28

29

30

31

32

33

34

3s

36

37

230400Z

2304002

230900z

2311552

2314352

231522Z

2322ooz

240300Z

240451Z

2415102

2415552

2422202

18.ON 145*5E

18.4N 14509E

2004N 146.4E

21.2N i46.7E

21.9N 146.8E

22*5N i46.6E

24,6N i47.6E

26o6N 14804E

28*oN 14805E

3109N 15008E

3108N 15007E

34.5N 152*3E

SI.TLS ST(J X

54-P-02-02 700MB

VW-R-03-03 0500M

VW-R-01-02

VW-R-03-03

VW-P-01-02 700MB

54-P-05-05 700MB

54-P-OS-OS 700MB

sLTLS ST(3 X

vw-R----2o

VW-p-15-02 1240M

54-P-05-io 700MB

DIA U3 BNDS 3

070 Omo 968

055 050 ---

--- --- ---

--- --- *--

..- -.. 962

080 080 946

110 100 960

DXA 03 BNDS 4

--- --- ---

--- 070 968

ObZ Ob5 975

2883

2844

---

---

---

2774

2700

2783

---

2954

2890

16/13

18/12

/-- .-

/-- --

--/..

19/11

20/12

21/12

-“/--

24/21

17/12

CIRC

CIRC

CIRC

CIRc

CIRC

CIRC

GIRC

CIRC

----

CIRC

*---

----

----

----

----

----

. . . .

----

----

----

30

30

50

40

30

30

30

30

..-

14

15

15

20

--

--

.-

60 F.BO

--



TROPICAL CYCLONE 26 -- 10/20/11002 TO 10/24/23002
POSITION AN() FORECAST Verification UATA

STORM POSITION 24 HRo ERROR 48 HR. ERROR 72 HR. ERROR
S)TG LAT. LONG. I)EGo DIST. DEG. UI>i. DEG. DIST.

-------------- .------- --c..--- --------------------- -----------------

2111OOZ 13.614 146.7E 110-0102 -----.-- --------
211700Z 13.7N 145.8E 103-0102 --------
2123002 13.8N

--------
145.OE 009-0078 --------- -----.--

2205002 14.2N 144.5E 309-0090 --..---- --------

2211OOZ 14.&N J44.7E 255-0198 ------- - 0-------
2217002 15.7N 145.3E 245-0222 -------- --------
2i?2300Z 17.lN 14S.5E 224-0240 --.----- .-------

2305002 18.8N 142i.IJE
2311OOZ 20.7N 146.5E
23i700z 22.6N 14701E
23Z300z 24.9N 147.8E

240500Z 27.lN 148.6E

2411OOZ 29.5N 149.3E
2417002 32.2N 150.3E
242300Z 34.8N 15Z.5E

AVERAGE 24 HOUR ERROR -

AVERAGE 48 HOUR ERROR -
AVERAGE 72 HOUR Et?ROR -

227-0378
226-0396
214-04i?b
211-0306

237-0192
034-00i8
232-0144
204-0162

0203 MI.

0880 MI.
---- MI.

--------
--------
--------

214-075U

--------
--------
--------
---.--*-

-------”

--------

--------

S-132
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TROPICAL CiCLONE 27 - 10/24/05002 TO 11/u2/0500z
(JUDY)

10 DATA
A. STATISTICS

1. NuMBER OF wARNINGS ISSUED - 37
2. NUMBER of WARNINGS WITH TYPHOON INTENSIIV - 22
3. ToTAL DISTANCE TRAVELED DURING TROPICAL wARNING PERIOD - 1950 MI

B. CHARACTERISTICS AS A TYPHOON
MINIMUM OBSERVED SLP - 928M8S AT 2822004

;: MINIMUM ObSERVED 7oOr4d HEIGHT - 2454M* Al 2622002
3. MAxIMUM SURFACE WIND - 120 KTS (FROM BEsT TRACK)
4. MAXIMUM RAoIUS OF SURFACE CIRCULATION - 360 MI

110 DEVELOPMENT
A. INITIAL IMPETus - 200M8 ANTICYCLoNE OVER THE SURFACE CYCLONE

B. INITIAL SURFACE VORTEX
JuNCTION VORTEX AT 21OOOOZ

& SURFACE PRESSURE LESS THAN 1009MB

c. 200M13 FLOW ABOVE SURFACE VORTEX

1. INITIAL - NORTHWEST
2. UPON REACHING TYPHOON INTENSITY - NORTHEAST

111. FINAL DISPOSITION - BECAME EXTRATROPICAL
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EYE FIXES CYCLONE
lJNlT- FL~ o&7 08s MIN FLT

FIX 14::::o FLT
TI+KNS

LvL SFC MIN 7ooMtl LVL EYE ORIEN- EYE WALL
NO● TX14E PosiT LVL UNO wND SLP tiGT TT/TO FURM TATION L)lA CLOUD

---------- ---*------ -------------------- -.-” ------------------ ---------* -------------------- -------------------- ---.--
25

2(j

27

28

29

30

31

32

33

34

35

36

37

30

39

40

41

42

43

44

45

46

47

40

261345Z

2614zOZ

2614502

261515Z

261535Z

261630Z

2617s5Z

2618302

261915Z

2619302

2620452

2621oOZ

270000Z

2702zOZ

270230Z

2705002

2705402

270700Z

2708002

270900Z

2709002

271OOOZ

27103UZ

271351Z

11.2N 14702E

11*2N 146*9E

11Q2N 147*OE

11.2N 14608E

1102N 146*oE

1103N 146,6E

1103N ~4602E

14.lN 146.lE

11*5N 145*9E

11,5N 145*9E

I105N 145,6E

11.6N 145.7E

11*8N 144*9E

11.9N 14403E

11*9N 144*4E

1201N 143*9E

12sON 144*OE

12*2N 143*4E

12*2N 143*2E

1203N 143.lE

1204N 14209E

12*4N 143*OE

12.4N 142*7E

13.ON 14200E

VW-R---1O

LNO ROR

VU-R-03-05

LNO ROR

LND RDR

LND RDR

VW-R-02-05

LND RDR

LNO ROR

LND RDR

LNO RDR

54-P-01-03

54-P-01-04

54-P-03-05

LND ROR

54-P-03-05

SLTLS

LND RDR

LNO RDR

LND ROR

VW-R-05-03

LNO RDR

LNO RDR

VW-R----15

7ooMa

700U13

700MB

700MB

STG X

---

---

---

---

---

---

---

..-

--0

---

---

110

130

085

---

120

---

..-

---

.**

-*.

-..

. . .

---

---

.-.

---

100

100

130

---

130

---

---

..-

---

.-.

---

---

---

---

---

..-

941

943

935

---

937

OIA U+ 6NDs 4

-..

--p

---

-..

---

---

---

---

---

-..

----

..-

-..

.“.

---

---

---

---

---

---

.-.

---

---

..-

---

---

---

---

-“-

---

-..

---

2582

2570

2518

---

2521

---

.-.

---

---

---

..-

.-.

-./--

--/-.

--/--

I-- -.

--/--

-e/.-

--/--

-../-.

--/.-

--/--

..-/-.

20/20

16/10

1s/10

-./--

16/10

../--

.-/.-

1-- -.

-./--

/.. -.

--/-.

--/--

----

----

CIRC

----

----

----

CIRC

----

----

----

----

CIRC

CIRC

CIRC

----

CIRC

----

----

----

CIRc

----

----

----

----

----

----

----

----

-...

----

--

-.

25 10

--

--

.-

20 -.

--

-.

--

--

15 05

20 --

20 --

-.

15 -.

-.

--

--

25 07

.-

-.

.-



UNIT
EYE FIXES CYcL~;~ #7 OBs M*N

FIX
FLT 1HKNS

METHOD FLT
No ● TIME

MIN
POsl T

700MB
-ACCY

LVL EYE
LVL UND

ORIkN- tYE WALL
bND SLP HGT TT/To FORM TATION I)IA CLOUD

--------------------------- --------- ------*-- --------- --”------- --------- ---, ------------------------ -.------- ---------
49 2714152

50 272045z

51 280300z

52 Z80445Z

53 280955Z

54 2814052

55 2819s02

56 282200Z

57 2903402

58 290S402

59 2908502

60 290920Z

61 291548Z

62 2921oOZ

63 3003002

64 3004402

6S 300925Z

66 3009552

67 301400Z

68 3021oOZ

69 3103I)OZ

70 3105372

7] 310755Z

72 31084OZ

1301N 141*9E

13.ON 14009E

1307N 139*7E

13,5N 13900E

14*1N 138.6E

14.5N 13708E

15.5N 137*2E

15.3N 136,7E

1509N 13602E

16tON k36,0E

16.3N 13507E

16*5N 135*7E

1701N 135.2E

17*6N 135.5E

18*1N 13505E

18.5N i36,0E

19.ON 135*5E

19.ON 135*6E

20.oN 13504E

19,9N 13602E

2008N 13605E

2105N 13605E

20.8N 13702E

21*2N 137.OE

VW-R-02-05

54-p-05-05 700MEI

54-P-03-03 700M8

SLTLS STG X

vII-R-1o-O5

VW-R-05-05

ACFT RDR

54-P-03-02 700MH

54-p-03-02 700M13

SLTLS STG X

VW-R ----1o

VW-R-05-05 0430fIl

VW-R-OS-OS

54-P-1)5-05 700MB

54-P-02-05 700MB

sLTLS STG X

VW-I?-05-05

VW-P-05-05 700MB

VW-R-05-10

54-P-03-05 700MB

54-P-05-05 7ooMf3

SLTLS STG X

vw-R-.--25

VW-R-05-05

-. —.
--- --- . . .

08s 110 939

100 100 933

DIA 05 BNDS 4

-.. . . . ---

..- -.. ---

--- . . . ---

--- 110 928

--- 115 931

OIA US ENDS 4

--- --- .-.

--- --- ---

--” --- ---,

140 090 950

065 085 951

OIA 05 BNDS 4

--- --- ----

--- --- 968

--- --- --”

085 075 968

070 065 975

DIA 03 BNDS 3

--- --- ---

--- --- ---

. . .

2562

2506

---

.-.

. . .

2454

2490

---

---

-..

2640

2661

---

2772

.-.

2874

2890

---

. . .

--/...

16/10

18/11

/-- --

--/--

/-. -.

20/08

18/09

.../-.

.-/.-

/-. .-

16/12

18/10

/-- --

23/19

--/.-

24/12

20/12

/-- --

/-- --

. . . ..
LLlt’

CIRC

CIRC

CIRL

CIRC

CIRC

CIRC

ELIP

----

CIRC

CIRC

ELIP

CIRC

CIRC

CIRC

CIRC

----

CIRC

----

CIRC

NH-SL

----

----

----

----

----

----

NW-!X

-----

----

Nw-SE

----

----

----

“---

----

----

32x26

2(I

25

35

35

40

30

30%25

20

27

25X15

20

.30

30

35

30

4U

lU

10

10

08

OM

..-

10

--

--

12

.-

08

.-

F.8Q

.-

.-

-.

05

--

10



pL~ OtJg7 OtIS MIN
“NITEYE FIXES CYCL N. FLT

$Xx METHOO FLT LvL SFC MIN
I liKNb

700Mtl LVL EYE WIILN- t7L
NO. TIME PoslT -Accv

uALL
LVL WND uN(I sLP HGT 11/10 FORM TATIUN IJIA CLOUD

.0---------0-*-----------------------------------------*---------------------------------------------------------- -----
73 3111252

74 3114052

75 3121oOZ

76 O1O2OOZ

77 O1O435Z

70 O1O83OZ

79 0114052

80 0122002

81 020300Z

82 0205302

83 0304302

2A*3N 137*3E

21c7N J3706E

2106N 138.OE

21.9N 138*1E

22*SN i3900E

22c4N 13901E

22.2N 139*4E

22.4N 13906E

22.lIU 13905E

22.oN 139sOE

20.ON 13800E

VU-P-O5-1O 7ooMe

VW-R-O5-lO 2900M

54-P-OS-OS 700MU

54-P-05-05 700MB

SLTLS STG D

VW-R-05-05

VW-P-OS-OS O31OM

54-P-03-05 700MB

54-P-03-05 7ooM0

SLTLS STG C

sLTLS STG C

..- --- 980

060 --- ---

060 040 976

040 055 9s0

DIA -- 8NOS .

--- 030 ---

--- 025 988

030 035 990

020 035 994

I)lA ‘- BNoS -

DIA ‘- BNDS -

2966

-..

2893

2929

.-.

-*-

3015

3051

19/10

-“/--

20/14

20/14

--/--

2.7/25

16/14

16/14

CIRC ---- 40

CIRC ---- 3M

----

CIRC ---- 30

CIRC ---- 12

CIRC ---- 15

----

----

--

J(J

--

--

.-

--

--



TROPICAL C CLONE 27 ‘-
10’24’0?0?2 ‘? ““’2’0500zPOSIT!ON ANt) FORECAST VER f= cAT ON IJATA

STORM POSITION 24 HR. ERROR 48 HR. Ef?ROR 72 FIRo ERROR
OTG LAT. LONG. DEG. DIST. DEG. UIS~. DEG. DiST.

------- ------- ----” --------- -------- ------+ --e----- ------------------

2411OOZ
2417*OZ
24Z300Z

250500Z
2511OOZ
251700Z
252300Z

260500Z
2611OOZ
261700Z
262300Z

270500Z
2711OOZ
271700Z
272300Z

280500Z
2811OOZ
281700Z
282300Z

290500Z
2911OOZ
291700Z
292300Z

300500Z
3011OOZ
301700Z
302300z

3105OOZ
3111OOZ
311700Z
312300Z

O1O5OOZ
Olllooz
011700Z

12.9N
12.IN
11.5N

10.9N
10.5N
lu.3N
10.4N

10.”7N

11*ON
11.3N
11.7N

12.2N
12.6N
13.ON
13.4N

13.8N
14.2N
14.6N
15.2N

15.9N
16*6N
17.2N
17.HN

ltt.2N
18*WJ
i9.5N
20.3N

20.9N
21.4N
21.7N
22.ON

22.2N
22.3N
22.3N

1S”7.IE
156.lE
155.3E

154.4E
A53.2E
i52.OE
150.5E

149.2E
147.8E
146.4E
145.OE

143.7E
142.5E
141.3E
140.3E

139.3E
138.5E
i37.5E
136.7E

136.oE

135.6E
135.5E
135.4E

135.5E

13506E
135.8E
136.2E

136.7E

i31.3E
13”7.8E
138.4E

13tl.8E

139.2E
139.5E

-.----c -

-----.--

--”-----

005-0396
011-0486
214-oo84
024-0228

090-0318
083-0096
026-0108
134-0054

084-0054
067-0054
057-0084
040-0084

013-0054
013-0054
021-0150
076-0072

053-0096
064-0036
303-0042
303-0042

278-0042
259-0030
263-0090
232-0036

345-0024
000-0084
005-0138
360-0048

022-0144
008-0096
016-o126

------- -
--------
------- -

-e---..-

-.----”-

c.--.---

--------

-.------

--------

--------

039-05JtJ

091-U54Q
072-U27U
051-u32*
104-0136

064-013ii

053-0132
047-0150
047-u15b

051-0132

064-010?
033-0198
094-uoti4

049-u13i

021-uo4d
304-0090
284-00~0

260-Oli?Q

251-0126
269-l)Zlo
291-ooYb

o18-019d

027-03UU
028-i)3bU

--------
----.---
--------

--------
--------
--------
--------

--------

--------
--------
--------

--------
--------
--------
--------

092-0708
“-------
056-0540
--------

069-0192
*-------

036-0174
-.------

056-0i14
--------
025-0216
--------

038-0186
--------
323-0180
--------

299-0180
--------

300-0246

5-142



TROPICAL CYCLONE 27 ‘- 10/24/0500Z To 11/02/0500Z
POSITiON ANO FORECAST VERIFICATION lMl_A (cONT)

STORM POSITION 24 HR* ERROR 48 HR. ERROR 72 HR* ERROR
DTG LAT. LONG. DEG. DIST. DEG. UIb~. DEG. DiST.

--------------- ---------------------- ------- -------- -------- --------

0123002 22.3N 139.5E 022-0078 030-02~* ..------

020500Z 22.3N 139.5E 029-0102 041-049U 040-0540

AVERAGE 24 HOUR ERROR - 0110 MI.
AVERAGE 48 HOUR ERROR - 0208 MI.
AVLRAGE 72 HOUR ERROQ - 0297 MI.

5-143



TYPHOON

Cvnl Inl

;.. !

0----24 HR FORECAST POSITS

~ 6 HR BEST TRACK FOSITS

““l‘J’-+-ti?w-=t-.v*. + . . ..+ . ...+. .~. ...+
ow-+--l-*-v---q--,,r”;--r”--] ----

1“::.4$/+._+. -;:~
,-”.~.m .-....”: -----

9+ 336 - ----- -’”.

‘“,p:$”t ”””.+

—
“.

t .

MAN,,A >28’ /-

l“””’”

,P. +..,.,
, ,, ..,, .,.. .,,.
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z- % ; ‘~”’””’?.:li’~iiib~
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,-. * fir I 2!2
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1

~ ;........ . . .. ~..... .

+–+ ++-t–-+ ‘ --

1

,--_#_++.-+__+.. + .,

... . . +.

}“””



TROPICAL CYCLONE 28 - 10/26/05002 To 11/~4/1700z
(KIT)

IQ DATA
A. STATISTICS

1. NuMBER OF wARNINGS ISSUED - 26
2* NuMBER OF wARNINGS WITH TYPHOON INTENSITY - 08
3. TOTAL DISTANCE TRAVELED DURING TROPICAL wARNING PERIOU - 1716 MI

B. CHARACTERISTICS AS A TYPHOON
1. MINIMUM OdSERVED S1.P - 959MBs AT IJ321UOZ
2. MINIMUM OdSERVEO 700Mtl HEIGHT - 2743M. Al o321oOZ
3. MAXIMUM SURFACE WIN() - 070 KIS (FROM &ESl TRACK)
4e MAXIMUM RADIUS OF SURFACE cIRCULATION - 360

IIe DEVELOPMENT
A. INITIAL IMPETus - LOW LEVEL SURGE INTO CYCLO~lC
SOUTH WITH SUBSEQUENT DIVERGENCE AT 200M8 LEvEL

MI

CIRCULATION FROM THE

B. INITIAL SURFAcE VORTEX
JUNCTION VORTEX AT 2503002

!: SURFACE pRESSURE LESS THAN 1008M8

C. 200M8 FLOW ABOVE SURFACE VORTEX
1. INITIAL - NORTHUEST
2. UPON REACHING TYPHOON INTENSITY - SOUTH@~ST

111. FINAL DISPOSITION - LIECAME E%TRATROPICAL
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S-147



“NITEYE FIXES CYCL N
~L$ 0&8 OBS MIN FLT THKNS

FIX METHOD FLT LVL
NO, TIME

SFC MIN 700MB LvL EYE ORIIiN- EYE WALL
POs IT -ACcY LVL UNti HND SLP HGT TT/TO FORM TATJON OIA CLOULI

--------------------- --------------------------- --------------------------- --------------------------- --------- --.------
-- . -—.- -- -.. . —. ,.- —.-. - -----

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

2(I

21

22

23

24

t5u350z

2602s1Z

l?70345z

290343Z

300135Z

300436Z

310142Z

3103OOZ

310533Z

31093OZ

312320Z

O1O315Z

O1O432Z

O1O53OZ

0A0550Z

01091)OZ

olo900z

0109302

O1O945Z

O1O945Z

0110002

Olloooz

0110002

O11O3OZ

U(05N 171*UL

0900N i62.5E

0900N 160.OE

07.ON 1S6.OE

0700N 151.7E

09.ON 154*OE

08.lN 14902E

08.lN 149.lE

10.ON 15000E

08.lN 147*6E

1203N 147Q5E

13.ON A47.LE

1300N 147Q5E

1304N 14609E

1306N 146*5E

1308N 146*7E

13*9N 147*1E

14,0N 147.2E

13.8N 146*7E

1309N 146*7E

13*9N 146*7E

1309N 147*2E

14.IN 147*2E

1402N 147*2E

SLIL5 STG U

SLTLS STG C

SLTLS STG A

SLTLS STG 8

54-P-O5-1O 0400M

SLTLS STG 0

54-P-O3-1O 0360M

54-P-O3-1O 0370M

SLTLS STt3 C

VW-P-O5-1O 0450M

54-P-O3-1O 0450M

54-P-03-01 7ooMi3

SLTLS STG C

LND RDR

VW-R-02-02 0490M

LNO RDR

VW-R-03-15 0450M

vw.R ------

LNO RDR

I.ND RDR

LND ROR

LNO ROR

vw.R . . . . . .

vW-R ------

UIA ‘- BNoS -

DIA ‘- BNDS -

L)IA ‘- BNOS -

OIA ‘- BNOS .

025 020 002

OIA ‘- BNDS -

022 02s 004

020 025 004

OIA *- f3NoS -

*.- 020 005

060 ObO 992

040 040 988

OIA ‘- BNDS -

--- --- ---

028 o~5 ---

--- --- ---

. . . --- ---

.-. --* ---

--- --- ---

--- ..- ..-

--- --- ---

--- --- ---

--- --- ---

--- . . . ---

---

---

---

---

.-.

3027

. . .

..-

---

---

---

---

---

---

---

---

. . .

25/24 ----

24/24 CIRc

25/24 ----

25/23 ----

26/24 CIRC

12/oa CIRC

“./.. ----

..-/-. CIRC

--/.- ----

--/-.. --”.

--/-- ----

--/-- ----

.../-. ----

--/.- ----

-./-- ----

../-- --”.

--/-- -...

----

----

----

----

--

40 --

--

--

20 .-

20 -.

--

15 08

-.

F.13.

-.

.-

.-

.-

.-

-.

-.



EYE FIXES CYCLONE
UN1 T- FLT 08:8 otls MIN FLT

FIX METHOD FLT LV~ SFC MIN 7ooMtl
TI-IKNS

LVL EYE
TIME

OR1tN- EYE UALL
NO● pOslT -ACCY LVL WNII uND SLP HGT TT/TO FOR?4 TATIUN DIA CLOUO

--------------------------- --------------------------- --------------------------- --------------------------- ------------
25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

4(I

41

42

43

44

45

46

47

48

Olllrloz

Olllooz

011130Z

0111402

011200Z

011230Z

011230Z

011245Z

011300Z

0113302

011330Z

0113302

011’400Z

011400Z

011430Z

011430Z

0114302

0114552

0115002

0115302

011530Z

011600Z

0116002

011630Z

14.3N 147*1E

1,4*ON 146*7E

14,.2N 146.5E

14*2N 147*OE

1402N i4605E

14*3N 146.3E

14*5N 146*8E

14.3N 14607E

1403N i46.2f

14.4N 146.4E

14*3N 14601E

14,3N 146*2E

14.2N 146*1E

14*5N 14602E

14.2N 146c~E

14.5N 146*2E

14*3N 146*LE

14.4N 14603E

14*3N 14601E

1404N 14602E

14*3N 146*1E

14.5N 146o1E

14.5N 14602E

13*4N 146s2E

vu++----

LNO RDR

LND RDR

VW-P-02-05

LNO RDR

LND RDR

VW-R-02-03

vw-R ------

LND ROR

VW-R ------

LNO RDR

LNO RDR

LNO ROR

vw-R-.--.-

LND ROR

VW-R ------

LND RDR

VW-P-02-03

LND RDR

vw-R ------

LND RDR

LND ROR

vw-R ------

LNO RDR

---

---

---

700M13 ---

---

---

..-

---

---

---

---

---

...

---

.-.

---

---

700FIB ---

..-

---

---

---

-..

---

---

---

---

---

---

---

..-

-..

---

.-.

---

---

---

---

---

---

.-.

---

.-.

. . .

.-.

..-

. . .

---

---

---

---

---

---

---

---

---

---

.-.

---

---

---

---

---

.--

9$15

---

---

---

---

---

.-.

---

---

---

3078

---

---

---

---

---

---

---

---

---

---

---

---

---

3051

..-

---

*-.

---

---

---

--/--

/-- -.

/-- --

10/10

.-/-.

/-- --

--/--

/-- --

/-- .-

/-- --

/-. --

/-- --

--/--

--/-.

--/--

/-- --

/-. .-

12/08

--/--

--/--

--/--

/-- --

/-. --

.../--

----

----

----

----

----

----

CIRC

----

----

----

----

..-.

----

----

-----

----

----

----

----

----

----

----

----

----

--

-*

-.

F,BO

-.

--

---- 13 F.Bw

--

.-

.-

.-

--

-.

.-

--

--

--

F.B.

.-

--

--

.-

--

--
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“NITEYE FIXES CYCL N. ?Lf 0f&8 08S MIN FLT

----:::.w-.--*.-.-.--------.-.---.-::::::..-.--:::---.:::--.:::-.-;:;---:;:::---:::.---::::---::::::---:::---::::-------

(!+KNS

NO. TIME POSIT -ACCY LVL MND tiND SLP HGT TT/TO FORM TATION IJIA CLUUIJ

73 O4171OZ 30c3M 153.3E VW-P-02-03 700uB --- 050 976 2909 17/12 Eiip NL-SW 25x15 F.B.

74 050+292 31.ON 152.OE SLTLS ST(3 C DIA ‘- BNoS,-

tn

A
ul
1-



TROPICAL CYCLONE 28 -- 10/26/0500Z TO 11/04/1700Z
POSITION AND FORECAST VERIFICATION OATA

STORM POSITION 24 HR. ERROR 48 HR. Ef030R 72 HR. ERROR
DTG LAT. LONG. DEG. DIST. DEG. DIST. DEG. DIST.

-------------- ------- ------- ---------------------- ------- -----------

O1O5OOZ 13.2N 146.9E 189-0240 -.-e---- --------

Olllooz 14.ON i46.6E 203-0360 -------- --------

011700Z 14.6N 146.3E 205-0402 ------.D- --------

0123002 15.lN 146.3E zo7-0078 -------- .-------

0205002 15.6N 146.2E 236-0090 -------- --------

O211OOZ 16.2N A46.lE 252-0090 ..------- --------

021700Z 17.lN 146.OE 245-0126 -------- --------

022300Z 18.lN 146.OE 231-0042 z23-02&~ --------

0305002 ~902N 146.2E 206-0096 229-019b --------

O311OOZ 20.4N 146.7E 206-0126 226-0264 --.-----

031700Z 22.ON 146.8E 208-0168 22Z-03d4 --------

032300Z 23.8N 147.lE 193-0138 Zoa-oztiti -.-.----

040500Z 26.2N 148.lE 210-0246 203-042d 215-0492
O411OOZ 28.4N 150.2E 215-0264 207-05i?U --------

0417002 30.3N 153.2E 233-0378 220-069~ 223-0852

AVERAGE 24 HOUR ERROR - 0189 MIS
AVERAGE 4& HOUR Ef?ROR - 0375 MI.
AVERAGE 72 HOUR ERROR - 0672 MI.

5-1S2
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TROPICAL CYCLONE 29 - 11/07/2300Z TO il/iV1100Z
(LOLA)

1, DATA
A. STATISTICS

NuMBER OF wARNINGS ISSUED - 19
:: NuMBER OF WARNINGS WITH TYPHOON INTEtu511Y - 10
3. TOTAL DISTANCE TRAvELEO DURING TROPICAL ~ARNING Pf.RIOu - 1386 MI

B. CHARACTERISTICS AS A TYPHOON .

MINIMUM OSSERVE(I sLP - 93SMBS AT 1003oOL

:: MINIMUM OdSERVEO 700M0 HEIGHT - 2547M. AI 1U0300Z
MAXIMUM SURFACE WIIUO - 10S I(l!j (FROM bli~~ TRAcK)

:: MAxIMUM RADIUS OF SURFACE CIRCULATION - 300 MI

11. DEVELOPMENT
A. INITIAL IMPETUS - 200M13 ANTICVCLONE OVER lHE SURFAcE CYCLUNE

b. INITIAL SURFALE VORTEX
1. JuNCTION VORTEX AT 0512002
2. SURFACE pRESSURE LESS THAN 1008MB

C. 200MB FLOW ABOVE SURFACE VORTEX

1. INITIAL - EAST
2. UPON REACMING TYPHoON INTENSITY - ANTICYCLONIC

111. FINAL DISPOSITION - BECAME EXTRATROPICAL
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EYE FIXES CYCLONE
UNIT- FI.T 0UE9 08!3 MIN FLT THKNS

FIX METHOD FLT LVL SFC MIN 700M13 LvL EYE ORIEN- EYE
NO, TIME Pus I T

WALL
-ACCY LVL WND wND SLP HGT TT/TO FORM TAT1ON L)IA CLOUD

.-----*---- -------------------- --------------------- -------------------- . -------------------- -------------------- ----..--.-
25

26

27

28

29

30

31

32

33

34

1103OOZ

1104092

11075OZ

110835Z

1114052

I1211OZ

120245Z

120S05Z

120900z

12104OZ

2007N 145*7E 54-P-1O-O2 700Mlj 080 090 950

21*ON 145.OE

2108N 145.2E

2108N i45.4E

22o5N 145*8E

25ooN 146.5E

26o8N 1A7.6E

27.5N lso.OE

i?8.9N 151.4E

29.4N 152.lC

sLTLS STG x

VW-R----15

VW-R-05-05

VW-R-05-05

54-P-04-03 700MLI

54-P-07-OS 700)4B

sLTLS STG X

VU-R-01-05

VW-P-01-02 7ooM13

OIA 03 BNDS 3

--- --- ---

e-- 035 ---

--- --- ---

115 100 9s1

1111 115 955

oIA U4 ENDS z

--- . . . . . .

--- . . . ---

2661

---

---

---

2676

2728

-..

2960

20/14

/-- -.

--/--

--/--

19/10

20/10

.!-/.-

23/12

----

C(3NC

CIRC

ELIP

kLfp

ELIP

ELIp

---- 08 -.

--

38-AS --

---- 28 lb

NE-SW 40X30 12

Nw-SL 40X30 10

Nw-W 50X20 --

Nw-st 45X20 --



—

TROPICAL CYCLONE 29 -- 11/07/2300z TO ii/12/1100z
POSITION AND FORECAST VERIFICATION iJATA

STORM PUSITION 24 HR. ERROR 48 HR. kKROR 72 HR. ERROR

UTG LAT. LONG. DEG. DJST. DEG. 1)1>(. DEG. 01S1.
------- -------- -------------- ---------------------- --------------- --

otio500z
0811002

U8170UZ
08i?300z

l)Yo500L

U911OOZ
0917002
0923002

ioosooz
10110OZ
lo1700z
1L)2300Z

A105OOZ
1111OOZ
li1700z
112300Z

120500Z
1211OOZ

12.6N

]3.2N

13.7N
14*3N

14.81N

15.3fd
15.9N
16.5N

17.2N
18.i?N
19.2N
20.lN

2102N
i!2.ZN
23.5N
25.3N

27.6N

29.!5N

153.OE
15~.5E
15Z.OE
151.6E

151*1E
i5005E
150.OE
149.3E

148.6E
147.8E
14b.8E
146.OE

i45.5E
145.5E
A45.8E
14b06E

i4d.7E

152,3E

---.-----
------.-

----c-- -

226-0150

224-0180
234-0078
210-0096
090-0018

113-0132
116-0156
112-0120
121-0144

097-0090
303-0018
336-0054
249-0078

230-0258
24d-0264

---’-----

---..-.--

-----.--

---..--.-

--------
--------
----..---

-.------
--------

------- -
--------

--------
.-------
.-------

--------

--------

210-0540

199-0528
--------

164-0402
--------

AVERAGE 24 HOUR ERROR - 0122 MIo
AVERAGE 48 HOUR ERROQ - 0262 MI.
AVERAGE 72 HOUR ERROI? - 0490 MI.

5-160
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TROPICAL CYCLONE 30 - 11/09/0500? TO 11/c!J/2300z

(MIE)

Is DATA
A. STATISTICS

1. NuMtlER OF wARNINGS ISSUEO - 52
2* NuMtNiR 1
3* TOTAL D.

B. CHARACTtRIS’
1. MINIMUM

MINIMUM
:: MAXIMUM
4. MAxIMUM

11. DEVELOPMENT

F WARNINGS WITH TYPHOON iNTENSilY - 09
STANCE TRAVELECI DURING TRoPICAL WARNING PERIOLI - 2154 MI

ICS AS A TYPtiUON

OdSERVED SLP - 97i!M13S AT 1601315L
06sERVECI 700MB tiEIGHT - 286bPt. Al zio84sz
SuRFACE WIND - 065 KTS (FROM bksl lRACI()
RADIUS OF SURFACE CIRCULATION - 300 MI

A. INITIAL iMPETUS - LOW LEVEL SURGE INTo CYCLWIC CIRCULATION FROM THE
SOUTH WITH SUBSEQUENT DIVERGENCE AT 200MB LEVLL

B. INITIAL SURFACE VORTEX
JUNCTION voRTEX AT 070600Z

:: SURFACE PRESSURE LESS THAN 1006M8

c. 200MB FLOW ABOVE SURFACE VORTEX
INITIAL - EAST

:: UPON REACHING TYPHOON INTENSITY - SOUTHEAST

111. FINAL DISPOSITION - DISSIPATED OVER LAND
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FIX

EYE FIXES CYCLONE
UNIT- FLT 08:0 OBS MIN FLT THKNS

METHOO FLT LvL SFC IIIN 7ooMfl LvL EYE ORIkN- EYE UALL
NO. TIME pOsIT -ACCY LVL WNll tiND SLP HGT TT/TO FORM TATION DIA CLOUO

---------------------------- --------------------------- -----.*-- --------------------------- --------------------------- --
25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

413

1502;OZ

1505302

150900Z

1514052

152220Z

160245Z

160646Z

16081OZ

161530Z

162000Z

170230Z

170545Z

1708342

171600z

171730Z

172005z

1802462

180640Z

180815Z

181528Z

182002Z

190300Z

1905402

190820Z

1300N 130.OE

12*5N 129*oE

12*8N 13004E

12*7N 13001E

1209N 129t7E

12*6N 129.8E

13.oN A2900E

12.2N 130*1E

12c1N L29.3E

1Z02N 129*3E

11c8N 128*5E

11*5N 128*OE

1102N 128*4E

10s7N 12801E

10.8N 12803E

10*6N 12803E

10c4N 127*6E

10,5N 127.OE

10o8N 12700E

10.ON 12508E

10QON 1z504E

09,6N 124*OE

10,ON 1z205E

09.2N 122c7E

54-P-10-03 700MB

SLTLS STG X

VW-P-1O-O3 0450M

VW-P-03-03 700MB

54-P-03-03 700M6

54-p-07-02 700MEI

SLTLS STG X

54-P-05-03 700MB

VH-P-05-05

vW-P-07-05 0360M

54-P-05-04 700MB

SLTLS STG X

54-P-05-04 700M13

vW-R-O5-1O

VW-P--.-I)5

VW-R-O5-1O

54-p-08-03 700MB

SLTLS ST(3 X

54-p-05-02 700M13

VW-R-05-05

VW-R-02-05

54-P-1)3-03 500MB

sLTLS STG X

54-P-05-’IO 500MB

035 035 000

DIA U3 BNos 1

--- 022 000

-.. --- 001

015 035 ---

035 035 979

DIA U3 BNoS 1

035 035 992

.-. 030 992

--- 030 994

045 070 983

OIA ~3 BNoS 2

040 055 985

---, --- *..-

--- --- ---

-.. --- ---

074 055 976

DIA 02 BNDS 2

075 080 972

--- --- . . .

--- --- ---

050 065 ---

DIA 03 BNDS 2

060 050 ---

3100

---

3170

3082

2923

3039

---

---

2978

2951

---

---

. . .

2899

2874

---

---

---

---

13/12

25/24

11/12

11/10

12/11

15/12

25/21

26/23

18/11

15/10

.-/...

--/--

--/--

18/12

20/12

--/--

/-- -.

52/58

56/56

----

----

CIRC

----

CIRC

CIRC

----

ELIP

----

ELIP

CIRC

----

CIRC

CIRc

CIRC

CIRc

CIRC

CIRC

CIRC

----

----

----

Nw-SE

N-s

----

----

----

. . . .

.-..

----

. ..-

-...

20

15

25

99X80

2OX1O

50

40

30

30

24

24

15

05

--

-.

--

N,f-.l3.

N.F.Ei,

.-

F.B.

.*

.-

-“

-.

--

-.

--

10

.-

.-

--

-.
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EYE FIXES CYCL~!$
UNIT- (&” OHS MIN FLT THKNS

FIx METHOO FLT LV~ SFC MIN 7UOMtl LVL LYE ORIEN- EY,E tiALL

No ● TIME p@IT -ACCY LVL UNO I#rJo SLP HGT 11/10 FORM TATIUN l)iA CLOUII
--------------------------- --------------------------- --------------------------- --------------------------- ---------- ---

73 2320002 11.5N I08*4E VW-R-02-03 --- --- --- --- --/-- CIRC ---- 25 --



TROPICAL CYCLONE 30 -- 11/09/05002 TO 11123/2300Z
POSITION ANO FORECAST VERIFICATION lJATA

STORPI POSITION 24 Hfto ERROR 48 HR. LRKUN 72 HR. ERROR
OTG LAT. LONG. DEGo DIST. DEG. OIST. DEG. DiST.

------- -------- -------------- --------------- -------- --------- -------- -

162300Z

170500Z

1711OOZ
171700Z
172300Z

180500Z
1811OOZ
1J31700Z
182300Z

190500Z
1911OOZ
191700Z
192300z

2005002
2011002
201700Z
202300z

2105OOZ
2111OOZ
211700Z
2i2300z

220500Z
2211OOZ
221700z
222300z

230500Z
2311OOZ
231700z

AVERAGE
AVERAGE
AVERAGE

11.9N 12ti.7E

11.7N 128.4E

11.2N 128.3E
10.8N 128.3E
10.5N 128.OE

10.7N i27.4E

10.5N 126.5E
10.UN 125.6E
09.8N 124.5E

09.4N 123.5E
09.4N 12203E
09.7N 121.3E
09.7N 120.lE

09.5N 11809E
09.8N 117.8E
10.3N 116.7E
10.7N 115.7E

11.ON 114.8E
11.3N 114.OE
11.4N 11305E
11*5N 113.oE

11.5N 112.6E
11.5N 112.lE
11*6N A1l.7E
llo6N 111.2E

11.5N llo.6E
11.4N 109.8E
11*4N 108.8E

24 HOUR Ef?ROR -
48 HOUR Et?ROP -
72 HOUR ERROR -

344-0047

000-0066

064-0102
338-0060
000-0078

28+-0096

234-0030
270-0006
097-0138

074-0120
069-0156
071-0066
085-0120

090-0036
180-0018
134-0066
170-0036

185-0078
203-0108
215-0090
288-0150

285-0156

280-0132
296-0120
278-0114

281-0030

265-0060
090-0054

0083 MI.
0174 MI.
0183 MI.

--------

---------

---.----
---.-”--

--------

--.*----

--------

--------

--.-----

32j’-OL)9b

050-0054
072-OL)>’+
097-u2t)i

086-025Z

084-U3U~

094-014+
104-(J192

154-0096
193-UA06
187-0105
226-ul)%

232-0174

241-O~lb
256-0162
284-UZ6~

280-0262

278-Oi?*U
2E16-01d6

------.-

--------

--------
.-------
------- -

---.----

---...--
------- -
--------

--------

--c-----

--------

-------- -

015-0072
--------

102-OU84
--------

101-0354
---.c---

116-0156
--------

206-0126
--------

234-0210
------.-

251-0294

288-0168

,5:170
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TROPICAL CVCLONE 31 - 11/18/11002 TO lli~7/2300Z
(NINA)

1. DATA

A. STATISTICS
1. NuMf3ER OF tuARNINGS 15sUECI - 39
2. NOM~~R OF wARNINGs wITH TyPHOON JNTENSIIY . 13

3* ToTAL DISTANCE TRAVELED OURING TROPICAL ~ARNING PERIOO - 2316 MI

B, CHARACTENISTiCS AS A TYPHOON

1. MINIMUM OdSERVEll S~P - 959M8S AT 260820Z”

2. MINIMUM OdSERVEU “/0014B HEIGHT - 275!5M. Al 2608~oZ

3. MAxIMUM SURFACE WIND - 070KTS (FROM i5E$~ TRACK)
4. MAxIMUM RA[)IUS OF SURFACE CIRCULATION - 3611 MI

11. DEvELoPMENT

A. INITIAL lMPkTUs - FRACTURE OF A PoLAR TROUGH ANO AN EASTERLY WAVE

B, INITIAL SURFACE VORTEX
1. JUNCTION VORTEX AT 16U600Z
2. SURFACE PRESSURE LESS THAN 1006MB

c, 200M13 FLOW A&MIvE SURFACE VORTEX

1. INITIAL - SOUTH
2. UPON tiEACHING TYPHOON INTENSITY - SOUIHLAST

111. FINAL C)ISPOSITIUN - OISSIPATEL) OVER WATER
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EYE FIXES CYCLC))

FIX
UNIT- oL# OBS MIN FLT

METHOD FLT
TtiKNS

Lvi SFC MIN 700M8 LVL EYE
NO. TlnE posIT -ACCY

OR1tN- EYE @ALL
LVL UND UNO sLP HGT TT/To FORM TATION LJIA CL(JUD

--------------------------- -.--.--*-- -----.*-- --------------------------- ------------------ --------------------------- -.
25

26

27

26

29

30

31

32

33

34

35

36

37

31J

39

+0

61

42

43

44

45

46

47

48

2221OOZ

2302252

2305302

2309302

231401Z

2320562

240300Z

240625Z

240840Z

2417002

2421ooz

250300z

2507202

250900Z

2515302

2516152

251930Z

2603002

2606202

260820Z

2615302

262130Z

2703152

2707142

12.6N 12705E

12.lN ~270iE

12c5N 126.oE

1107N 12508E

11.3N 125.3E

1103N 12403E

10.6N 123ssE

10.5N 122*5E

10.5N 122.6E

10cON 121*1E

0908N 12005E

0907N 119*5E

09.5N 118*5E

09*2Y4 11800E

09.2N 11700E

0900N 11607E

09*ON 116.OE

0809N 114.4E

09*5N 113soE

090314 112.8E

0902N 1I103E

09.7N 11o.8E

09.6N 11o,2E

0805N 10505E

56-P-03-lo 700MB

54-P-1O-O5 700WJ

SLTLS STG X

VW-R-OS-IO

VW-R-05-10

54-p-05-04 500HB

54-p-05-10 500MB

sLTLS STI3 X

54-P-03-03 Soolw

VW-R-02-05 700MB

VW-R-02-05

54-P-05-02 7001JlB

SLTLS STG X

54-P-05-03 500MB

VW-R----1O,

VW-P-03-05 7ooHti

VW-R-O3-1O

54-P-05-05 700MS

SLTLS STG X

54-P-05-05 7oo1413

VW-R-02-05

VW-p-06-10 700MB

54-p-05-02 700MB

SLTLS STG C

055 --- 973

075 065 975

DIA U5 BNDS 4

--- --- ---

-.. . . . ---

l)6U --- ---

060 --- ---

DIA 05 BNDS 3

050 --- ---

--- . . . -“-

-.* -.. ---

080 060 977

DIA 04 BNoS 2

090 --- *..

.-. . . . --*

..- -.. 976

---, --- ---

085 090 970

DIA U3 BNDS 3

095 120 9q9

--- --- ---

--- --- ---

070 075 990

DIA ‘- 13NDs -

2862

2859

---

-..

. . .

---

---

---

---

2914

..-

. . .

2965

.-.

2816

2755

---

3047

3042

14/08

14/10

--/--

-*/..

00/54

03/52

02/52

..-/.-

--/--

17/--

51/54

-./.-

18/10

--/--

20/12

20/10

--/...

18/10

15/06

CIRc

CIRC

ELIP

CIRC

ELIP

CIRC

CIRC

CIRC

Cll?c

CIRC

ELIp

----

CIRC

CIRC

CIRC

cInc

CIRC

----

CIRC

----

----

N-s

----

Nw-SE

----

----

----

----

----

NW*SL

----

----

“---

----

----

----

50

40

J9XJ0

27

30X2S

30

30

40

20

.30

20x15

30

25

25

25

30

10

--

or

.-

.-

15

-.

--

-.

--

10

17 ,

.-

.-

15

-.

F.t)*

N.f.tia

N.F.ti.

NoF.ti.



EYE FIXES CYCLONE
uNlT- FLI 013:1 OBS MIN FLl lIIKNS

FIX METMOD FLT LVL SFC MIN 700M6 LVL EYE ORIfih- EYE
TIME

WALL
No. PC)sIT -ACCY LVL UNO wND SLP HGT TT/TO FORM TATllJN I)IA CLOUCI

---A--------.-.*---e.------*--.-.---.-*---------------------------------------------------------------------------------

49 270900Z 09cSN 10908E 54-%03-02 70014B 035 035 993 3048 14/12 CIRC ‘--- 10 N.F*H.

50 271500Z 09.4N 109s5E vW-PO05-01 0460f4 --- 025 002 --- 2s/22 ---- F.&.

51 272000z 09c1N 108*OE VH-p-05-02 0440)4 ‘-- 030 002 3087 23/21 ---- Fat+,



TROPICAL CYCLONE 31 ‘- 11/19/11002 TO li/27/2300Z
POSITIOfN AND FORECAST vERIFIcATION OATA

STORM POSITION 24 HR. ERROR 48 HR. ERROF? 72 HR. ERROR
l)TG LAT. LONG. I)EGo DIST. DEG. UIS!. DEG. DIST.

------- -------- --------------------- ------- -------------- ------------

200500Z
2011OOZ
201700Z
202300Z

2105OOZ
Zlllooz
2117002
212300L

220500Z
2211OOZ
2Z1700Z
222300Z

230500Z
231100Z
231700Z
232300z

240500Z
2411OOZ
241700Z
242300Z

2505002
2511OOZ
251700Z
252300z

2605002
2611OOZ
261700Z
262300z

270500Z

AvtiRAGE
AVERAGE
AVERAGE

13.2N 139.6E

13.lN i38.3E
13.ON i37.lE

13.ON i35.8E

130-0054
007-0108
008-0090
104-0090

---------

------- -
----.---

-.---.--

--------

---.”---

--------

--------

13*ON
12.8N
12.bN
12.9N

134*5E
133.2E
132.OE
130.9E

022-0096
06b-0072
060-0066
000-0006

---.----
-e----- .

--------

-.--.---

..------
--------
---.----
--------

180-0006

264-0108
264-0102
321-0036

oJ8-oo9b
087-009U
085-OObo
320-U04d

13.lN

13.2N
12.9N
12.4N

130.OE

129.6E
i28.3E
127.4E

-“--0---

--------

.------”

----.---

326-00U4
308-0144
300-015U
337-0120

11.8N
11.5N
11.4N
11*ON

126.5E
125.6E
124.7E

123*9E

333-0078
348-0090
356-0096

342-0114

354-0174
--------

046-0114
-----.--

10.6N
10.4N
09.9N
U9.”?N

i23.2E
122.2E
12J.lE
ii?Q.lE

o1O-OO72
340-0066
355-0072
35b-o106

329-Olbd
340-OAbd
004-U1U6
358-019~

326-0168
--------
316-0228
-.--.---

011-0066
oI4-o1o2
036-00413
067-0054

09.5N li8.9E
09.ZN 117.8E
09.uN 116.5E
08.9hi 115.2E

341-0222
*-------

020u0252
----.---

ot3.9N 113.9E
09.2N 112.6E
09.5N 111.5E
09.6N 110C6E

0s7-0084
090-0030
099-0174
140-0042

035-oAbb
044-(JA6d
082-0084
094-0084

042-0222
--------

034-0126
--.-----

09.5N 11O.1E 256-0072 054-0162

0075 MI.
0126 MI.
0185 MI.

24 HOUR ERROF -
48 HOW? ERROQ -
72 HOUR ERROQ -

5-178
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TROPICAL CYCLONE 32 - 11/21/23002 TO 11/~9/1700Z
(ORA)

1. OATA
A. STATISTICS

NUMBER OF wARNINGS ISSUED - 33
;: NUMBER OF wARNINGS WITH TYPHOON INTENSITY - 23
3. TOTAL DISTANCE TRAVELED DURING TRoPICAL wARNING PLRIUU - 18M4 MI

B. CHARACTERISTICS AS A TYPHOON
MINIMUM 08sERVED SLP - 931MBS AT Z5030UZ

;: MINIMUM OdSERVEO 700M8 HEIGHT - 248iM. A! 2503002
3. MAXIMUM SIJQFACE WIND - 120 KIS (FROM @ESl rRACK)
4. MAXIMUM RADIUS OF SURfACL cIRCULATION - +20 MI

110 DEVELOPMENT
A. INITIAL lMPliTUs - DEVELOPMENT OF DIVERGENCE AT i?OOMB LEVEL OVER
SURFACE CYCLONIC CIRCULATION

B. INITIAL SURFAcE VORTEX
1, JuNCTION VORTEX AT 1818002
2. SURFACE PRESSURE LESS THAN 1006MB

C. 200MB FLoW AHuvE SURFACE VORTEX
INITIAL - EAST

1: UPON REACHING TYPHOON INTENSITY - ANTiCYcLONIC

111. FINAL DISPOSITION - OISSIPATEO OVER WATER



.[

10. ”

— +-

K. d k,dt $.:-x. ~~
+ ~~.

‘ ‘u
.k...5g.5g . . . . . ,. . . . . . . . . ,,, ,

,. *..
~f 13. d .

0
53’ ,,’ ;Z, 028’ 8””’,”

<> - .

0
ilz:~.: !’”

3 ! ...
\.. , ““W

Wqpys$,p”’--.;-----l-++--J-:. ! ‘~1. -.}- -i ~~ --

M::”:: L.. : .“”:ql:’” ‘; ‘ “:,:($) .,. .. .

-.,-—+–+-- ,

[. .
4-- t–+---- ,—.. .,--t--v , —-..

+
L

.,

}
’307 -1 --~ I

.L

..

T

! +-}- ~

,?,

BEST TRACK

lYPHOON ORA

CYCLONE 32

21-29 NOVEMBER

I r=m=hln

-4 6HI-.

—

1968 “iO””

j- t’”i’””~+ . . . . .. . . . . ... . . 4 ..,,.

Rr?!!bbix?%?

,u’3~;Ac”, t .t, .,, .-. ,G@

t+o” !
I

,..:
I

I ,W

* NAURU 1 ,

J::::
i.,, ,.5 M. o.!-

l..
S33 )

‘ ,:;;,:&”~’‘ ‘ ‘ “’[” ~;,; ;’:.;,+t ----J –-l--J -- Ii,-- t---+ { !

-/- @9.....+ ..+.
m&J;&. , 1- i.. ..L



$’ N pJ z 0 N “ w . -I z w * U . * m

.1
- E a 0 = 1 I *

;

: I I t * * : I I 1 8 I I 1 1

. (n N N * u! N * w : z * 9’ m ● -1 m r z c1 m 0 n I ; I : ; I : I I : I 1 : 1 8 t t

9- N N Iu N

. N N . . w N .

-1

.
. iv

L
. 0 z . U

I
0 . 0 m m 1- -4 G In - a

“
.

f- Z 0
c z -4 bn

l < m

r
-

<
r r
+

4- P
m

l--
no

z
c
r
z

G
r
-
m

I :

: I
: * : t 8 : t t : I I

: I
: I I : I I

.

; * I

; I 1 I I



EYE FIXES CYCLI#;
UNIT- OU:* OBS MIN FLT THKNS

-*-!!:-------------.---------0----:!!!::------:::----:::v--:::---:::---:::;:---:::----:::----:;::::.--:::.--::::-------
TIME POsIT LVL Wlwl WrID SLP H(5T TT/TO FORM lATktiN l)IA CLOI.111

2S 2220302

26 222105z

27 22Z205Z

28 2300402

29 2301ooz

30 230300Z

31 .?30530Z

32 2309102

33 231400Z

34 2317052

35 Z321OOZ

36 2402552

37 2406252

38 24103OZ

39 241055Z

40 2414302

41 2421oOZ

42 242106Z

43 2503002

44 2505252

45 2508002

46 2508452

47 251400z

13*7N 143*7E

1308N 14306E

1308N 14303E

14-ON 143*9E

14-ON L4204E

1400N 14200E

14,5N 141*OE

14m3N 14008E

14*SN 139s7E

14*4N 13903E

14c6N 13f3s7E

15.ON 138*1E

1500N 137*5E

15Q2N 13704E

14s8N 137o5E

1503N 13702E

15*5N 13700E

1507N 13700E

16*2N 13606E

16.5N 136.5E

16*3N 136*7E

16*5N 13601E

16*5N 13509E

LND RDR

I.ND RDR

LND RDR

LNI) RDR

54-P-02-02 700Mt)

54-P-02-Q2 700MB

SLTLS STG X

VW-P-05-05 700MB

VW-P-05-05 7ooM13

VW-R-05-05

54-P-03-03 700M8

54-P-03-01 700MB

SLTLS STG X

VW-R ----05

VW-R-05-02

VW-R-01-02

54-P-05-03 700W3

ACFT RDR 8000M

S4-P-03-03 700M13

SLTLS STG X

VW-R----10 0460H

VW-I?-01-02 0460M

VW-R-02-01 700MB

--- .-. ---

--- --- .-.

.-. . . . ----

--* --- ---

018 070 978

0“70 070 975

DIA U4 BNDS 4

--- --- 977

055 --- 964

--- --- ---

065 055 9b2

095 080 940

DIA U4 BNDs 3

--- --- ---

--- --- -.-

-*- 035 ---

090 --- 943

--- --- ---

10U 100 931

l)IA ~4 BNDS 4

--- --- ---

--- -*- ---

.-. . . . ---

---

---

---

---

2917

2905

2882

2829

---

2746

2585

---

---

---

2634

---

2481

---

---

---

--/--

--/--

--/--

--/--

18/12

20/12

16/08

20/10

.-/--

20/12

22/12

--/--

/.- --

--/--

20/10

/-- --

21/12

.-/--

.-/--

.-/--

----

-----

-----

----

Clfw

CIRC

CIRC

CIRC

CIRC

CIRC

CIRC

----

cow

CONC

CONC

----

CIRC

----

E(-1P

CIRC

48 2521152 16*6N 135*4E 54-P-03-05 700MB 1(I5 085 937 2554 17/10 CIRC

----

----

----

----

----

----

----

----

Nw-SE

----

----

20

20

15

15

15

20

10

35-06

35-11

30-10

30

14X09

14

30

--

.-

N.F.H.

--

10

10

--

.-

-.

-.

--

--

12

07

10

--

10

.-

--

(J4

lU



EYE FIXES CYCLONE
UNIT- FLT :;;2 08s 141N FLT THKNS

FIX METHOD FLT LvL MIN 700MB LvL EYE ORIEN- EYE MALL
No ● TIME poslT -ACCY LVL WND UNL) SLP IIGT TT/TO FORM TATION OIA CLOUD

-------------------- ----*----- -------------------- -------------------- ---------- -----*---- .-.-.---” ----------- -.---..--”-
49

50

51

52

53

54

55

56

57

513

59

60

61

6Z

63

64

65

66

67

68

69

70

71

72

2603002

2606202

2608302

2609002

2614212

2621oOZ

2702302

2705242

2707502

270900Z

271400Z

2722302

2802452

2806142

2808152

2815042

281805Z

2820272

2903002

290709z

290815Z

291OOOZ

2911202

29121OZ

16s5N 13409E

1700N 13405E

1602N 13403E

1602N 13402E

16*1N 13303E

16.oN 132Q7E

15.8N 13201E

15.5N 13105E

1508N 11302E

15c5N 13009E

15*9N 130,0E

15*6N 128s5E

15*4N 127*4E

1505N 126*5E

15.ZN 126*4E

15c3N i2500E

1502N 124*2E

15.2N 12309E

15*3N ~22s8E

15*ON 12200E

lS.6N 121.9E

1507N I2106E

15.8N 12102E

1509N 120Q9E

54-P-03-03 700MB

SLTLS STG X

vw-R--.-l5

VW-R-lO-10

VW-P-1O-O5 700MB

54-P-O4-1O 700MB

54-P-02-05 700M13

sLTLS STG X

ACFT ROR

VW-R-02-02

VW-R-02-02

54-P-O3-1O 500MLI

54-P-O3-1O 700M13

sI.TLS STG X

54-P-03-05 700MB

VW-R-05-03 0420M

vW-R ------ 0420M

VW-R-03-02 0440M

54-P-05-03 5ooMtl

sLTLS STG X

54-P-03-05 500HB

LND RDR

LNO ROR

LND ROR

100 085 940

OIA 05 BNDS 4

*-- --- -..

-- - --- - --

- -- -- - 968

080 090 954

080 100 961

OIA 04 fjNDs3

.-. --- ---

--- --- ---

--- --- ---

065 --- 966

060 060 957

DIA 04 BNDS 4

080 090 949

--- -“- ---

--- --- ---

--- --- ---

080 -*- 955

OIA U3 BNDS 3

070 095 ---

--- .*- . . .

-.. .*- ---

..- --- ---

2585

---

---

2804

2694

2743

---

---

.-.

2812

2704

2624

---

---

---

2707

2701

---

---

---

18/10

--/.-

--/--

20/10

18/10

16/10

/.- --

--/.-

.-/--

--/56

16/12

17/11

../-.

--/.-

--/..

04/52

16/--

../--

--/..

--/-.

CIRC

----

.-*-

CIRC

CIRC

CIRC

----

CIRC

CIRC

ELIP

CIRC

CIRC

CIRC

--”-

CIRC

CIRC

CIRC

.-..

---*

----

. ..-

----

----

----

----

----

NM-SE

----

----

----

----

----

----

40

40

40

30

30

12

40X15

25

20

20

10

20

15

10

--.

-*

--

05

05

..

.-

--

--

.-

-.

-.

-.

-.

10

05

-.

-.

-.
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TROPICAL CYCLONE 32 -- 11/21/Z300Z T(.) li/Z9/1700Z
POSITION AND FOl?EcAST VERIFICATION OATA

STORM POSITION 24 HR. ERROR 48 IIRS ERROR 72 HR. ERROR

llTG l_A1. LONG. OEG* DIST* DEG. 01>1. DEG. lllST.
------- ------- --------------- -------- -.----e ------- --------- ------- --

i?zo!500z
2ZI1OOZ
221700Z
2223002

230500Z
2311OOZ
231700Z
232300Z

240500Z
2411OOZ
241700Z
242300Z

250500Z
2511OOZ
251700Z
252300Z

2605002

2611OOZ
261700Z
Z62300Z

270500Z
2711OOZ
271700Z
272300Z

280500Z
2811OOZ
%81700Z
2t12300z

290500Z

12*ON
12.9N
13.4N
13*ttN

14.lN
14.3N
14.5N
14.6N

14.8N
15.lN
15.5N
15.9N

16.3N
16.5N
16.5N
16.5N

16.4N

\:::fi

15.9N

15.7N

15.7N
15.7N
15.5N

15.2N

15.lN
15.iN
15.2N

15.4N

i48.8E
J46.8E
i44.8E
142.9E

141.5E
140.3E
139.3E
138.5E

i37.9E
i37.4E
137.lE
136.8E

136.4E
A36.oE
135.6E
135.lE

134.5E

i33.9E
133*1E
132.4E

131.6E

i30.7E
129.5E
128.3E

127.oE

12!5.7E
~2406E
12305E

12204E

AVERAGE 24 HOUR ERROR -

AVERAGE 48 HOUR ERROR -
AVERAGE 72 HOUR Et?ROQ -

“-------

------- -

------- -

131-01s0

122-0174
209-0084
215-0072
25d-0A5(J

262-0120
247-0102
251-0162
238-0168

235-0150
184-0102
128-o1o2
1~6-004tj

030-0060

009-0084
025-0084
042-0060

090-0012
186-0066
180-0084
131-0072

113-o1O2
147-0096
107-0156
144-0150

165-0144

0107 MI.

0194 MI.
0280 MI.

--------

------- -
------- -
-..-... -

--------
----.---
-.-------
-----..-

146-u1J5

23i?-019~

z32-u19d

?4”7-0a4~

245-0286

243-02tid

z46-03dti

Z42-O~i@

z42-oi?t3d

218-u12b
149-OJUZ

0138-OIZU

04A-olbb

035-o13ti
052-U162
067-0150

111-uo”7d

i74-uldd
175-o156
137-0174

134-02iU

------- .
--------
--------
--------

----s---

--------

--------

--------

--------

--------

.-------

--------

207-0210
--------
237-0354
--------

246-0378
--------
248-0+14
--------

245-0348
.-----.-

141-0A14
------- -

061-0252
--------
068-0300
--------

152-0150

5-187
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ANNEX

A

SUMMARY OF TROPICAL CYCLONES

IN THE

EASTERN NORTH PACIFIC OCEAN

(180 DEGREES TO NORTH AMERICAIN COAST)

FOR

1968
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Fleet Weather Central, Alameda issued a record total of
501 Tropical Warnings on 6 hurricanes, 13 tropical storms and
5 tropical depressions. Additional warnings on systems which
originated in Fleet Weather Central, Alameda’s area were
issued by Fleet Weather Central, Pearl Harbor after these
systems were passed to Pearl Harbor at 140° West.

The following seven year summary covering Fleet Weather
Central Alameda/Fleet Weather Central, Pearl Harbor areas is
presented for comparison:

1962 1963 1964 1965 1966 1967 1968—— —— .— —

Total Number of Warnings* 122 80 60 244 342 474 531

Calendar Days of Warnings* 35 26 21 73 70 119 126

Tropical Depressions* 2 6 2 6

Tropical Storms 65 4 9 6 12 13

Hurricanes 24 2 1 7 6 6

Total Tropical Cyclones* 89 6 12 13 20 25

*Tropical Depression information not available 1962-1964

Land strikes were recorded on two hurricanes. NAOMI
struck Central Mexico and PAULINE crossed Baja, California.
No damage reports were received by Fleet Weather Central
Alameda concerning these two land strikes.

Forecasting tools used included twice daily readouts of
the Fleet Numerical Weather Central’s “HATRACK” steering pro-
gram and a locally devised method using “RADFO” wind data.
No definitive study of verification of these systems is
available as yet.

The warning system in the Eastern North Pacific suffers
considerably, due to lack of data. APT readouts continue to
be the primary source of location data and thus creates a
deficiency in intensity information. Satellite versus Recon
data for the six hurricanes of 1968 is shown below:

HURRICANE SATELLITE FIX RECON FIX

FiH?NANDA 19 0
JOANNE 8 0

AN-3



HURRICANE SATEILXTE FIX RECON FIX

LISA

NAOMI

PAUL INE

REBECCA

01

02

03

04

05

06

07

08

TOTAL

7

6

9

TROPICAL CYCLONES FOR THE 1968 SEASON

ORIGINATED BY FLEET WEATHER

CYCLONE

TROPICAL

TROPICAL

TROP ICAL

TROPICAL

TROPICAL

TROP ICAL

TROPICAL

TROPICAL

STORM “ANNETTE”

DEPRESSION 02

STORM “BONNY”

DEPRESSION 04

STORM “CELESTE”

STORM “DIANA”

STORM “ESTELLE”

DEPRESSION 08

09 HURRICANE “FERNANDA”

10 TROPICAL STORM “GWEN”

11 TROPICAL STORM “HYACINTH”

12 HURRICANE “JOANNE”

13 TROPICAL STORM “IVA”

14 TROPICAL STORM “KATHLEEN”

15 HURRICANE “LISA”

3

1

1

CENTRAL, ALAMEDA

PERIOD

2oJUN- 21 JUN 1968

21 JUN - 22 JUN 1968

4JLlL- 9 JUL 1968

12 JUL - 14 J(JL 1968

15 JUL - 21 JUL 1968

21 JUL - 26 JLJL 1968

23 JUL - 01 AUG 1968

3oJuL- 01 AUG 1968

04 AUG - 15 AUG 1968

05 AUG - 10 AUG 1968

16 AUG - 19 AUG 1968

21 AUG - 28 AUG 1968

21 AUG - 27 AUG 1968

25 AUG - 03 SEP 1968

28 ATJG - 07 SEP 1968

AN-4



16

17

18

19

20

21

22

23

24

18

CYCLONE PERIOD.—

TROPICAL STORM “MADELINE “ 28 AUG - 31 AUG 1968

HURRICANE “NAOMI “ 08 SEP - 13 SEP 1968

TROPICAL STORM “ORLA ‘r 23 SEP - 01 OC’l?1968

HURRICANE “PAULINE” 28 SEP - 03 OCT 1968

HURRICANE “REBECCA” 04 OCT - 12 OCT 1968

TROPICAL DEPRESSION 21 11 OCT - 15 OCT 1968

TROPICAL DEPRESSION 22 15 OCT - 17 OCT 1968

TROPICAL STORM “STMONE” 18 OCT - 19 OCT 1968

TROPICAL STORM “TA~” 20 OCT - 28 OCT 1968
ORIGINATED BY HWO, PEARL HARBOR, HAWAII

T.D. 18* 30 AUG - 01 SEP 1968

*wEspA(J LISTING

AN-5



DTG

2021OOZ
21OOOOZ

DTG

040600Z
041200Z
041800Z
050000Z
050600Z
051200Z
051800Z
060000Z
O61O6OOZ
061200Z
061800Z
070000Z

DTG

150000Z
150600Z
151200Z
151800Z
160000Z
160600Z
161200W
161800Z
170000Z
1706002
171200Z
1718002
180000Z
180600Z

TROPICAL STORMS 1968
POSITION DATA

TROPICAL STORM ANNETTE
20 JUN - 21 JUN

LAT LONG DTG

18*ON 103.8W 2106OOZ
18.4N 104,1W 2112002

TROPICAL STORM BONNY
4 JUL - 9 JUL

LAT LONG DTG

13.9N 104.OW 070600Z
14.8N 105.3W 071200Z
15.3N 106.9W 071800Z
15.9N 108.5W 0800002
16.2N 109,5W 080600Z
16.5N 11O.3W 081200Z
16*6N 11O.9W 081800Z
16.9N 111.5W 090000Z
17.4N 111.8W C)90600Z
18.5N 111.8W 091200Z
19.6N 112.6W 0918002
20.lN 113,5W

TROPICAL STORM CELESTE
15 JUL - 21 JUL

LAT

15.7N
15.8N
15.9N
16*ON
16.lN
16elN
16.2N
16.3N
16.4N
16.7N
17.lN
17.5N
17.8N
18*ON

LONG

103.3W
103.8W
104.1W
104.6W
105.2W
106.2W
107.2W
108.3W
109.4W
11O.5W
111.7W
112.8W
113.9W
115● Ow

DTG

181200Z
1818002
190000Z
190600Z
191200Z
191800Z
2000002
200600Z
201200Z
201800Z
21OOOOZ
2106OOZ
211200Z
211800Z

AN-6

MT

18.9N
19.5N

LAT

20.5N
20.8N
21.ON
21.2N
21.5N
21.8N
22.2N
22.5N
22.9N
23.3N
23.9N

LAT

18.2N
18.3N
18*6N
19.ON
19.6N
20.lN
20.6N
21.lN
21.7N
22.3N
22.8N
23.2N
23.6N
24.ON

LONG

104.4W
104.6W

LONG

114.5W
115*4W
116.3W
116.8W
117.3W
117*7W
118.2W
119*OW
119.8W
120.3W
120.7W

LONG

116.lW
117 ● lW
118.2W
119.2W
120.2W
121.IW
122.lW
123.lW
124.lW
125.OW
126.OW
127.lW
128.2W
129.5W
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DTG

051800z
060000z
060600Z
061200z
061800Z
070000Z
070600z
071200z
071800z
080000z

DTG

1600002
160600Z
161200z
161800Z
170000Z
170600z
171200z

DTG

211800z
220000Z
220600z
221200Z
221800z
230000z
230600z
231200z
231800z
240000z
240600z

LAT

11. ON
11.5N
12. ON
12.2N
12.5N
12.7N
13.2N
14. 3N
15. 3N
16. 3N

LAT

17. ON
17. IN
17.3N
17.5N
18. ON
18.5N
19.3N

LAT

13. 5N
13.9N
14. lN
14. 6N
14. 7N
14. 7N
15. ON
15. 8N
16.5N
17. lN
18.3N

“1’KUFICAL S’.L.IJJ3MGWHN

05 AUG - 10 AUG

LONG DTG

96. OW 080600Z
97. Ow 081200z
$lg.z~ 081800Z

100. OW 090000Z
101.8w 090’500Z
103. OW 091200z
104.4W 091800z
105. 5W 1000OOZ
106.5w 1006OOZ
107.5W

TROPICAL STORM HYACINTH
16 AUG - 19 AUG

LONG DTG

106. OW 171800z
106.5w 180000z
107.1W 180600Z
107.5W 181200z
107.8W 18180”3Z
108. OW 190000Z
108.3w 190600z

TROPICAL STORM IVA
21 AUG - 27 AUG

LONG DTG

98.5w 241200z
99. 9W 241800Z

101.1W 250000z
102.3w 250600z
103.9W 251200z
105.2w 251800Z
106.7w 260000Z
108.4w 260600z
109.9W 261203z
111.4N 2618002
112.5w 270000Z

LAT

17. IN
17.8N
18.3N
19. ON
19.5N
20. ON
20.2N
20.4N
20. 6N

IJIT

20.2N
21.2N
21.9N
22.6N
23.5N
24.3N
25. lN

LAT

19.3N
20. ON
20.8N
21.5N
22.4N
22.7N
23.3N
24. ON
25. ON
25.9N
26. lN

LONG

108.8W
11O.2W
111.5W
113. OW
114. 3W
115.5W
116.9w
118. OW
119.2w

LONG

108.4w
108.5w
108.5w
108.5w
108.5w
108.7w
109. OW

LONG

113.9W
115. 5W
116.8W
117.8W
118.9w
120.7w
122.5w
124. OW
125.2w
126.7w
128.4w

AN-8



TROPICAL STORM KATHLEEN
25 ATJG - 03 SEP

DTG

251800Z
260000z
260600z
261200z
261800z
270000z
270600z
271200Z
271800Z
280000z
280600z
281200z
281800z
290000z
290500z
291200z
291800z
300000Z

DTG

281800z
2901000z
290600z
291200z
291800Z
300000Z

LAT

14. 2N
14.7N
15. lN
15. 5N
15. 9N
16. ON
15. 8N
15. 8N
15. 9N
16. lN
16.3N
16.4N
16.4N
16.5N
16.7N
17. ON
16. 9N
16.6N

LAT

08. ON
08. ON
08. IN
08.3N
08.7N
09.2N

LONG DTG

11O.2W
111.3W
112.4w
113.5W
114.5W
115.8W
117.4W
118.5w
119.4W
120.3w
121.2W
122. OW
122.9w
123.8w
124.8W
125.9W
127. OW
127.9W

300600z
301200z
301800z
3105OOZ
3106OOZ
311200z
311800z
Olooooz
O1O6OOZ
011200Z
*ol1800z
*020000Z
*020600z
*(32120~z
*021800z
*03(3(300Z
*030fjooz
*031200z

TROPICAL STORM MADELINE
2B AUG - 31 AUG

LONG DTG

090.5W 300600z
091.5W 3012002
092.4w 301800z
092. 8W 31OOOOZ
093.2w 3106OOZ
093.5W 311200z

LAT

16. 2N
15. 8N
15.4N
15.4N
15.4N
15. 2N
15. ON
15. ON
14. 9N
14. 8N
14. 8N
14. 9N
15. IN
15. 5N
16.ON
16.4N
16.7N
17.ON

IAT

09.6?Y
09. 8N
la. oN
10. 3N
10.6N
10. 8N

LONG

129.4W
130.6W
132.OW
133.3W
134.6W
135.6w
136.5W
137.lW
138.OW
138.9W
139.9W
140. 8W
141.8w
142.8W
143.7W
144. 7W
145. 7W
146. 7W

LONG

094.OW
094.5W
095.OW
095.5W
096.OW
096.4W

*~w~ , PEARL HARBOR AREA
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DTG

230000Z
230600z
231200z
231800Z
240000Z
240600z
241200z
241800z
2500!)OZ
250600z
251200Z
251800z
260000z
260600z
261200z
261800z
270000z

DTG

191800z
190000Z

LAT

17. ON
17. 3N
17. 6N
17. 9N
18. ON
18. ON
18. ON
18. IN
18.4N
18.7N
18. 9N
19.3N
19.4N
19.4N
19.5N
19.3N
19. ON

LAT

13.5N
13. 8N

TROPICAL STORM ORLA
23 SEP - 01 OCT

LONG DTG

109.5W 270600z
11O.5W 271200z
111.3W 271800z
112.4w 280000z
113.2w 28060uOZ
114. OW 231200Z
114.8w 281800z
116. OW 290000Z
117.4W 290600z
118.5w 291200Z
119.5W 291800Z
120.8w 300000Z
121.9w 3C0600Z
122.8W 301200z
123.7w 301800Z
i24.7W Olooooz
125.5w O1O6OIOZ

TROPICAL STORM SIMONE
1:3:2CT - 19 OCT

LONG DTG

091.5W 190600z
091.8W 191200z

LAT

18. 8N
18.4N
18. ON
17.6N
17. lN
16.7N
16.4N
15. 9N
15. 5N
15. ON
14. 9N
14. 9N
14. 9N
15. ON
15. lN
15. 3N
15. 5N

LAT

14.3N
14. 7N

LONG

126.2w
127. lw
128. OW
128.8W
129.5w
130.2w
130.7W
131.3W
132. OW
133.2N
134.3W
135.5W
136.6w
137.5W
138.4w
139. OW
139.7W

LONG

092. 2W
092.6w

AN-IO



TROPICAL STORM TARA

DTG

201800z
21OOOOZ
2106OOZ
21120’3Z
211800Z
220000Z
220’500Z
221200Z
221800z
230000Z
2306002
231200z
231800Z
240000Z
2406003
241200Z

DTG

**260~()()z

LAT

13. oN
13. 8N
14. ON
13.4N
13. ON
13. ON
13. ON
13.3N
13.9N
14. 3N
14. 5N
14. 5N
14. 8N
15. 3N
15. 6N
15. 7N

LAT

36. lN

2~ OCT - 28

LONG

105.OW
105.6W
106.4w
107.7W
lo8.8w
llO.OW
111.5W
112.8w
114.OW
115.OW
116.OW
116.9W
118.OW
119.O’W
120.OW
121*OW

TROPICAL STORM
2?) AUG - 26

LONG

179.7W

OCT

DTG

241800Z
250020z
250600z
251200z
251800Z
260000Z
260600Z
261200Z
261800z
2700002
2706002
271200Z
271800Z
2800002
2806002
281200Z

VIRGINIA
AUG

DTG

**260600z

LAT

15. 9N
16.2N
16.6N
16.8N
17. ON
17. 5N
17. 9N
18. IN
18. 2N
18.8N
19.2N
20. ON
20.8N
21. ON
21.5N
22. ON

LAT

38.8N

LONG

122. OW
123. OW
123.9w
124.7w
125.5w
126.5w
127.4w
128.3w
129.4w
130.6w
131.8w
133*OW
134. OW
135.4W
136.6W
137.5W

LONG

178.8W

**PREVIOUS POSITIONS IN JT’WC, GUAM AREA
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DTG

211800z
2200’002

DTG

1221OOZ
130000Z
130600z
131200z
131800z

DTG

3000002
300600z
301200z
301800z
31OOOOZ
3106OOZ

DTG

111800z
120000Z
120600z
121200Z
121800z
130000Z
130600z
131200z

TROPICAL DEPRESSIONS 1968
POSITION DATA

TROPICAL DEPRESSION ZERO TWO
21~-22JtJN

LAT LONG DTG

18.5N 104. Ow 22050’OZ
19. ON 104.7W

TROPICAL DEPRESSION ZERO FOUR
12 JUL - 14 JUL

LAT LONG DTG

15.4N 133.OW 140000Z
15.4N 133.8w 140600z
15. 3N 135.3W *141200z
15. oN 136.8w *141800z
15. 2N 138.2w

TROPICAL DEPRESSION ZERO EIGHT
30 JUL - 01 AUG

LAT LONG DTG

15.4N 126.OW 311200z
15.4N 127.8w 311800z
15. 7N 129.5w Olooooz
16. 2N 131.2w O1O6OOZ
16.8N 132.9w *011200Z
17.8N 134.3W

TROPICAL DEPRESSION TWO ONE
11 OCT - 15 OCT

LAT LONG DTG

11.5N 94. Ow 131800z
11.6N 94. 3W 140000Z
11.8N 94.6w 140600z
11.9N 94. 8W 141200z
12.ON 95. Ow 141800z
12.lN 95.3W 150000Z
12.2N 95.6w 150600z
12.3N 95. 9W 1512002

LAT

19.2N

LAT

15.4N
15. 5N
15. 5N
15. 5N

LAT

18. 9N
20.ON
20. 6N
21.ON
21.7N

LAT

12. 5N
12.6N
12.7N
12.8N
12. 5N
12.4N
12.4N
12.4N

LONG

104. 8W

LONG

139.4W
140. 6W
142.OW
144. 2W

LONG

135.8w
137.lW
138.5w
139.8w
141.2w

LONG

96. 3W
96.6W
96. 9’;?
97. SW
98.OW
98.5w
99.OW
99.4W

*FWC , P12ARL HARBOR AREA
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DTG

1518002
1600002
160600Z
1612002
1618002

DTG

300000Z
3006002
301200z
3018002
31OOOOZ

LAT

12.5N
13. ON
13.6N
14. IN
14. 5N

TROPICAL DEPRESSION TWO TWO
15 OCT - 17 OCT

TROPICAL
29

LAT

14.5N
14.7N
15.3N
16.6N
17.7N

LONG DTG

93.5W 170000Z
94.4W 1706002
94. 9W 1712002
95.4W 1718002
96. 2W

DEPRESSION ONE EIGHT*
~.G - 01 SEFT

LONG DTG

162. OW 3106OOZ
163.2w 3112002
164.4w 3118002
166. OW 0100002
167. 8W

LAT LONG

14. 8N 96. 9W
15. ON 97*7W
15. oN 98.4W
15. 2N 99.3W

IAT LONG

18.6N 169.4w
19.4N 170.7W
20.ON 171.9W
20.7N 173*3W

*~spA~ LISTING
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INDIVIDUAL HURRICANE TRACKS

FOR 1968

IN THE EASTERN NORTH PACIFIC OCEAN

NOTE: Due to a lack of reconnaissance data, accurate intens-
ities could not be determined and thus are not included
with the hurricane best tracks.
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HURRICANE FERNANDA

041800Z TO 150000Z AUG

I DATA

1968

A. STATISTICS

1. NUMBER OF WARNINGS ISSUED:

FWC ALAMEDA - 35
FWC PEARL 7
TOTAL - 42

2. NUMBER OF WARNINGS WITH HURRICANE INTENSITY - 7

3. TOTAL DISTANCE TRAVELED DURING TROPICAL
WARNING PERIOD - 2340 MILES

B. CHARACTERISTICS

1. MINIMUM OBSERVED SLP - UNKNOWN
2. MINIMUM OBSERVED 700 MB HEIGHT - NOT OBSERVED
3. MAXIMUM SURFACE WIND - 70 KT (EST.)
4. MAXIMUM RADIUS OF SURFACE CIRCULATION - 400 MI.

II DEVELOPMENT

A. INITIAL IMPETUS - ITCZ
B. INITIAL SURFACE VORTEX

1. 041800z
2. SURFACE PRESSURE LESS THAN 1008MB

c. TIME STORM REACHED HURRICANE INTENSITY - 091200z

III FINAL DISPOSITION

A. DISSIPATED OVER WATER

AN-17



1

:
“

,
.

.
.-

.,.

,
.—

.L
.

..
A

....
.

“
~
i
’
”
”

.
0

-
.
,

“t’”
””

J”””:
+

:::
:$::::+

”{
I

~~
j,::::’:,::::::,,l,,
~

.fi.....+...
-
r
”
”
”
”
?
”
”
”
”
”

“
“
.
’
’
T
”
”
”

-i””
+-++

:
l--–t-

--}–+
-

-+
-–

~
:;

y”””
+

””$
,

,~
:

;;;;

.t.
..

J
.

.
..-.+

Y
.

.
,,

,,,
:

..
i:::::

.
{

.
.-.

.
!....+

...

J
-

1
.

1
.:..-:.::..::;:

.
.

.
.

.
..

L
...

1
.

.
.

.

+
.

.
.

.
.

.
.

t
“’f’.’+

..
.

.
4

.
...+

...”
1

,.
.

..1.-
.i

U
.

—
I—

,..
—

--
1..J..L

A
N
-
1
8



‘~~j;~$~’;;>::;;;;;>;;;;;n;~f I---t-t------t-+--+-+.--4--t--l--i––---+’-f--t-*-+.–}–-+-–..++..+-+–+.+–+.,

1’”’‘“’

-tt “““;%y@f.,.,.{._.;. –*+-.Ql---t--iI

.1........

.,.,!,..,.
1 .Oi

;:f
.001

,.
,,..L1

-1--l--t-

,.,

.,

:,-:--j:-t-

,i+,

‘1’:”’ Zocwo



POSITION

STORM POSIT

TIME

041800Z
050000Z
050600z
051200Z
051800z
060000z
060600Z
061200z
061800Z
070000Z
070600z
071200z
071800z
090000Z
080600Z
081200z
0818002
090000Z
090600z
091200z
091800z
1000002
1006OOZ
1012OOZ
1018OOZ
11OOOOZ
1106OOZ
111200Z
111800z
1200002
120600z
121200Z
121800z
130000Z
130600Z

LAT

12.lN
12.2N
12.3N
12.4N
12.4N
12.3N
12.5N
12.8N
13.4N
13.9N
14.2N
14.4N
14.5N
14.7N
15.ON
15.3N
15.4N
15.4N
15.4N
15.4N
15.4N
15.5N
15.7N
15.8N
15.9N
16.2N
16.6N
17.2N
17.8N
18.4N
19.2N
19.8N
20.ON
20.ON
20.lN

FROM BEST TRACK AND VERIFICATION DATA

LONG

104.3W
105.1W
105.9W
106.6W
107.5W
108.5w
109.6w
11O.7W
111.6w
112.5w
113.6w
114.6w
115.7W
116.7w
117.7W
118.7w
119.7W
120.9w
122.OW
123.lw
124.5w
125.7w
127.OW
128.4w
129.5w
130.7W
131.9W
132.8w
133.7W
134.7W
135.6w
136.8w
137.8w
138.7w
139.5W

PASSED TO FWC PEARL HARBOR

24 HR ERROR 48 HR ERROR

DEG/DIST

325/96
300/69
304/65
298/53
147/62
159/90
210/117
150/131
071/’58
073/78
074/87
332/142
325/44
070/60
009/79
017/100
360/18
031/58
045/66
048/82
131/81
135/103
151/76
163/106
205/136
203/174
233/82
210/72
182/90
200/’78
357/97

24 HOUR FORECAST ERROR
48 HOUR FORECAST ERROR
72 HOUR FORECAST ERROR

DEG/DIST

074/111
072/152
063/200
010/202
360/96
031/116
031/191
038/191
062/69
061/101
069/105
082/92
156/180
162/215
175/216
174/261
201/276
204/281
267/105

85.5
= 165.3
= 216.8

(CONT1D)

72 HR ERROR

DEG/DIST

065/189
067/249

061/348

042/228
045/216

115/102
131/120
136/138

167/305
177/273
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POSITION FROM

STORM POSIT

TIME LAT

131200Z 20.3N

1318002 20.4N

140000Z 20.6N

140600Z 20.9N

141200Z 21.2N

141800Z 22.lN

Isooooz 23.ON

BEST TRACK AND VERIFICATION DATA (CONT.)

24 HR ERROR 48 HR ERROR 72 HR ERROR

LONG

140.lW

140.4W

140.8W

141.2W

141.6W

142.3W

143.2W

24 HOUR

DEG/DIST

.

267/263

255/226

246/275

FORECAST ERROR

(PEARL HARBOR)

DEG/DIST

= 255.0

DEG/DIST

.

AN-21
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HURRICANE JOANNE

2118002TO 2818002AUG 1968

I DATA

A. STATISTICS

1. NUMBER OF WARNINGS ISSUED - 30
2. NUMBER OF WARNINGS WITH HURRICANE INTENSITY - 11
3. TOTALDISTANCETRAVELEDDURINGTROPICALWARNINGPER1OD-

3850MI

B. CHARACTERISTICS

1. MINIMUM OBSERVED SLP - 1002.4 (PERIPHERAL SHIP)
2. MINIMUM OBSERVED 700 MB HEIGHT - NOT OBSERVEI)
3. MAXIMUM SURFACE WIND- 65 KTS (EST.)
4. MAXIMUMRADIUSOF SURFACECIRCULATION:360MI

II DEVELOPMENT

A. INITIAL IMPETUS - ITCZ (TROPICAL CYCLONE #12)
B. INITIAL SURFACE VORTU: 211800z (ESSA VI)
c. TIME STORM REACHED HURRICANE INTENSITY: 2406002

111 FINAL DISPOSITION

A. DISSIPATED OVER WATER

AN-23
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TIME

211800Z
2200002
220600Z
221200Z
2218002
2300002
2306002
2312002
231800Z
240000Z
240600Z
241200Z
241800Z
2s00002
2506002
2S1200Z
251800Z
260000Z
260600Z
261200Z
261800Z
270000Z
270600Z
271200Z
271800Z
2800002
2806002
281200Z
2818002

POSITION FROM BEST TRACK AND VERIFICATION DATA

STORM POSIT

LAT

11.ON
11.ON
11.lN
11.2N
11*6N
12.ON
12.lN
12.lN
12.3N
12.9N
13.6N
14.3N
15.2N
16.ON
16.8N
17.lN
17.5N
18.ON
18.8N
20.lN
21.5N
23.ON
24.2N
25.ON
25.ON
24.3N
23.6N
24.5N
26.ON

LONG

108.OW
108.7W
109.4W
11O.2W
111.OW
112.OW
113.2W
114.4W
115.4W
116.lW
116.5W
116.8W
117.2W
117*5W
118.lW
118.9W
119.8W
120.9W
122.4W
123.7W
124.5W
125.4W
127.OW
128.3W
130.OW
131*4W
133.4W
135*5W
137*OW

24 HR ERROR 48 HR ERROR 72 HR ERROR

DEG/DIST

030;60
155/66
140/90
130/108
270/150
255/185
250/240
245/310
265/160
245/220
225/175
215/160
080/45
035/75
060/120
175/190
155/140
155/195
155/240
155/265
105/230
080/280
075/350
065/360
060/240

DEG/DIST

220/185
175/245
110/220
105/170
105/240

135/280
115/300
105/270
095/365
085/440

DEG/DIST

165/480

085/i80
.
-

24 HOUR FORECAST ERROR = 186 MI
48 HOUR FORECAST ERROR = 272 MI
72 HOUR FORECAST ERROR = 430 MI
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HURRICANE LISA

2818002 AUG TO 07,00002 SEP 1968

I DATA

A. STATISTICS

1. NUMBER OF WARNINGS ISSUED - 38
2. NUMBER OF WARNINGS WITH HURRICANE INTENSITY - 22
3. TOTAL DISTANCE TRAVELED DURING TROPICAL WARNING

PERIOD - 1932 MI.

B. CHARACTERISTICS

1. MINIMUM
2. MINIMUM
3. MAXIMUM
4. MAXIMUM

II DEVELOPMENT

OBSERVED SLP - 998.OMB
OBSERVED 700 MB HEIGHT - NOT OBSERVED
SURFACE WIND - 75 KTS (EST.)
RADIUS OF SURFACE CIRCULATION - 340 MI.

A. INITIAL IMPETUS - ITcz (TROPICAL HCLONE #15)
B. INITIAL SJRFACE VORTEX: 281800z (ESSA VI)
c. TIME STORM REACHED HURRICANE INTENSITY: 2918002

111 FINAL DISPOSITION

A. DISSIPATED OVER WATER

AN-27
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28N

HURRICANE LISA
DTC SP Zzo

Owooz 06
06/062 05 04/OOZ-06/OOZ SEPTEMBER 196804/122 05
041182 05
Oslooz 03
05/06Z

061002
26N

06
05/12Z 06
05/ I&?. 05
06/002 05

24N

22N

20N 5
L
F

132W 130W
d
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POSITIONS FROM BEST TRAC!iiAND VERIFICATION DATA

S’TORM POSIT

TIME

281800z
290000Z
290600z
291200z
291800Z
300000Z
300600z
301200z
391800z
31OOOOZ
3106OOZ
311200z
311800z
Olooooz
O1O6OOZ
0112002
011800z
020000Z
020600z
021200Z
021800z
0300002
030600z
0312002
031800z
040000Z
040600z
041200z
041800z
050000Z
050600z
051200z
051800z
060000z
060600Z
061200z
0618002
070000Z

LAT

12.5N
13.lN
13.7N
14.ON
14.ON
14.lN
14 4N
14.9N
15.7N
16.3N
16.7N
16.9N
17.IN
17.4N
17.8N
18.3N
19.ON
19.6N
20.lN
20.6N
21.lN
21.5N
22.lN
23.ON
23.8N
24.2N
24.5N
24.5N
24.3N
24.ON
24.ON
24.2N
24.2N
24.3N
24.lN
23.9N
23.7N
23.5N

LONG

103.5W
104.5W
105.6w
107. OW
108.8W
11O.3W
111.3W
112.3w
113.8W
115. OW
116.2w
117.4W
118.6W
119.7W
120.4w
120.9w
121.4w
121.7w
122. OW
122.4w
122.8W
123.3w
123.7W
124. OW
124.2w
124.5w
125. OW
12~.6w
126. OW
125.9w
125.7w
126.2w
126.6w
127.2w
127.7w
128. lW
128.5w
129. OW

24 HR ERROR 49 HR ERROR

DEG/DIST

071/118
063/149
060/156
064,/178
090/30
159/47
155/42
118/’42
333/28
218/15
225/51
244/78
240/132
243/187
245/242
244/285
277/114
276/72
266/108
254/157
299/114
288/86
277/114
310/154
347/133
338/144
307/218
324/235
340/125
272/49
293/51
312/64
031/176
042/84

Qw!2zEz

076/207
075/210
073/210
073/275
171/38
108/18
203/15
270/19
234/156
230/223
232/288
245/285
249/396
247/383
247/494
243/498
254/258
251/245
252/274
256/297
304/326
326/263
278/316
289/360
324/307
342/272
310/300
340/381
357/253
325/88

72 HR ERROR

DEG/DTST

068/288

067/285

255/139

259/204

224/450

244/498

245/630

248/687

266/390

266/498

320/427

285/514

341/424

24 HR FORECAST ERROR = 117 MI
48 HR FORECAST ERROR = 255 MI
72 HR FORECAST ERROR = 418 MI
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HURRICANE NAOMI

081800Z TO 130600z SEP 1968

I DATA

A. STATISTICS

1. NUMBER OF WARNINGS ISSUED - 19
2. NUMBER OF WARNINGS WITH HURRICANE INTENSITY - 5
3. TOTAL DISTANCE TRAVELED DURING TROPICAL WARNING

PERIOD - 11OO MILES

B. CHARACTERISTIC S

1. MINIMUM
2, MINIMUM
3. MAXIMUM
4. MAxIm

II DEVELOPMENT

OBSERVED SLP - 992.5
OBSERVED 700 MB HEIGHT - NOT OBSERVED
SURFACE WIND - 75 KTS (EsT.)
RADIUS OF SURFACE CIRCULATION - 540 MI.

..

A. INITIAL IMPETUS - ITcz (TROPICAL CYCLONE #17)
B. INITIAL SURFACE VORTEX: 081800z (ESSA VI)
c. TIME STORM REACHED HURRICANE INTENSITY: 120000Z

111 FINAL DISPOSITION

A. DISSIPATED OVER LAND

AN-33
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HURRICANE PAULINE

280000Z SEP TO 0300002 OCT 1968

I DATA

A. STATISTICS

1. NUMBER OF WARNINGS ISSUED - 21
2. NUMBER OF WARNINGS WITH HURRICANE INTENSITY - 6
3. TOTAL DISTANCE TRAVELED DURING TROPICAL WARN-

ING PERIOD - 1080 MILES

B. CHAWCTERISTICS

1. MINIMUM OBSERVED SLP - NOT OBSERVED
2. MINIMUM OBSERVED 700 MB HEIGHT - NOT OBSERVED
3. MAXIMUM SURFACE WIND - 70 KTS (EST.)
4, MAXIMUM RADIUS OF SURFACE CIRCULATION - 300 MI

II DEVELOPMENT

A. INITIAL IMPETUS - ITCZ (TROPICAL CYCLONE #19)
INITIAL SURFACE VORTEX: 280000Z

:: TIME STORM REACHED HURRICANE INTENSITY: O1O6OOZ

III FINAL DISPOSITION

A. DISSIPATED OVER WATER
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TIME

2800002
2806002
281200Z
281800Z
2900002
2906002
2912002
~91800z

3000002
300600Z
3012002
301SOOZ
Olooooz
O1O6OOZ
0112002
0118002
0200002
0206002
0212002
0218002
030000Z

POSITIONS FROM BEST TRACK AND VERIFICATION DATA

STORM POSIT

LAT

14.5N
14.5N
14.6N
14.7N
14.9N
15.lN
15.5N
15.7N
16*ON
16.3N
16.8N
17.3N
18.lN
18*8N
20.lN
21.3N
22.ON
23.ON
24.7N
25.7N
26.5N

LONG

101.5W
101.8W
102.1W
102.4W
102.8W
103.1W
103.4W
103.6W
104.OW
104.7W
105.8W
107.OW
107.9W
108.4W
108.8W
109.5W
111.OW
111.8W
111*5W
11O.7W
11O.OW

24 HR ERROR

DEG/DIST

275/210
285/260
285/300
205/35
215/40
195/50
165/60
125/160
120/140
110/170
12S/205
220/135
200/120
165/90
175/130
265/130
265/240

48 HR ERROR

DEG/DIST

.

150/180
160/230
150/350
140/320
125/360
140/395
230/350
230/420

72 HR ERROR

DEG/DIST

165/470

175/470

24 HR FORECAST ERROR = 145 MI
48 HR FORECAST ERROR = 325 MI
72 HR FORECAST ERROR = 470 MI
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HURRICANE REBECCA

0418002 TO 120600Z OCT 1968

I DATA

A. STATISTICS

1. NUMBER OF WARNINGS ICJCJIJ~’j . 31
7b. NUMBER OF WARNINGS WITH HURRICANE INTENSITY - 6
3. TOTAL DISTANCE TRAVELED TROPICAL WARNING

PERIOD - 1200 MI

B. CHARACTERISTICS

1. MINIMUM OBSERVED SLP - 1006.5MB (PERIPHERAL SHIP)
2. MINIMUM OBSERVED 700 MB HEIGHT - NOT OBSERVED
3. MAXIMUM SURFACE WINDS - 100 KT (EST.)
4. MAXIMUM RADIUS OF SURFACE CIRCULATION$- 290 MI

11 DEVELOPMENT

A. INITIAL IMPETUS - ITCZ (TROPICAL CYCLONE #20)
B. INITIAL SURFACE VORTEX: 041800Z
c. TIME STORM REACHED HURRICANE INTENSITY - 081800Z

OCT 68

III FINAL DISPOSITION

A. DISSIPATED OVER WATER
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TIME

9418002
0500002
0S0600Z
0512002
0518002
0600002
060600Z
061200Z
0618002
0700002
0706002
0712002
071800Z
0800002
0806002
0812002
0818002
0900002
0906002
0912002
0918002
1000OOZ
1006OOZ
1012OOZ
1018OOZ
11OOOOZ
1106OOZ
1112002
1118002
1200002
1206002

POSITIONS FROM BEST TRACK AND VERIFICATION DATA

STORM POSIT

LAT

13.ON
13.ON
13.2N
13.4N
13.6N
13.9N
14.2N
14.4N
14.7N
15.ON
15.3N
15.9N
16.5N
16.9N
17.2N
17.4N
17.7N
17.9N
18.lN
18.3N
18.5N
18.7N
19.ON
19.5N
20.2N
20.7N
21.2N
21.4N
22.ON
22.4N
22.8N

LONG

97.OW
97.5W
97*9W
98.3W
98.7W
99*OW
99*3W
96.6W
100.OW
100.3W
100.7W
101.3W
101.9W
102.5W
103.1W
103.8W
104.6W
105.3W
106.OW
107.OW
108.1W
109.OW
11O.OW
111.lW
111.8W
112,3W
112.8W
113.2W
113.5W
113.8W
114.OW

24 HR ERROR

DEG/DIST

295/240
255/170
255/260
220/96
195/200
320/20
31:j:o

115/75
130/60
115/70
110/85
095/95
055/95
055/110
050/150
;;;$;;

31s/55
065/35
115/90
210/40
245/90
240/100
335/230
015/275
030/380

24 HR FORECAST ERROR
48 HR FORECAST ERROR
72 HR FORECAST ERROR

48 HR ERROR

DEG/DIST

095/120
095/210
095/175
085/220
075/320
075/350
090/330
125/60
115/70
265/110
205/40
180/80
255/170
260/275

= 119 MI
= 169 MI
= 222 MI

72 HR ERROR

DEG/DIST

090/255

090/330

205/80
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APPENDIX A

ABBREVIATIONS AND DEFINITIONS

1. Words and phrases that appear frequently in this
report are abbreviated as follows:

ANAL
APT
ATS
CINCPAC
CINCPACAF
CINCPACFLT
CIRC
CPA
DEG.
DTG
ESSA

FNWC

FWC/JTWC

ITCZ or ITC
JHWC
KT(S)
MAx
MB(s)
MIN
MI or N.M.
MOD
NEDN
NESC

POSIT(S)
PROG
RECON
SLP
T.
T. D.
T. S.
Vwl
54WRS

Analysis
Automatic Picture Transmission
.4pplicationsTechnology Satellite
Commander in Chief, Pacific
Commander in Chief, Pacific Air Force
Commander in Chief, Pacific Fleet
Circulation
Closest Point of Approach
Degree(s)
Date-Time Group
Environmental Science Services
Administration
Fleet Numerical Weather Central,
Monterey, California
Fleet Weather Central/Joint Typhoon
Warning Center,Guam
Intertropical Convergence Zone
Joint Hurricane Warning Center, Hawaii
Knots(s)
Maximum
Millibar(s)
Minimum
Nautical Miles
Modification
Naval Environmental Data Network
National Environmental Satellite
Center, Suitland, Maryland
Position(s)
Prognosis
Reconnaissance
Sea Level Pressure
Typhoon
Tropical Depression
Tropical Storm
Airborne Early Warning Squadron ONE
54th Weather Reconnaissance Squadron

44P-1



2. The following items define and clarify certain words
and phrases that appear in the Eye Fix Summaries in
Chapter V. Several definitions in this section have
special meanings with regard to the machine prepared Eye
Fix Summaries and may not necessarily have the same mean-
ing as used elsewhere in the report.

a. FIX NO. - this number corresponds to the number
of the fix plotted on the “Best Track Chart”.

b. TIME - the date-time of the fix.

c. POSIT - the latitude and longitude of the fix.

d. IJNIT- METHOD - ACCY:

(1) UNIT - the unit that made the fix if made
by a reconnaissance squadron; 54-S4WRS, VW-VW1.

(2) METHOD - the method used to make the fix;
P- Penetration, R - radar (these two refer to fixes by
reconnaissance squadrons), LND RDR - land radar, SHP RDR -
ship radar, SLTIS - satellite cloud picture location.

(3) ACCY - center determination and estimated
navigational accuracy of the fix (in nautical miles).

e. FLT LVL - altitude of aircraft
in whole meters above mean sea level or
stant pressure surface; or, stage (STG)
for a satellite location.

f. FLT LVL WND - maximum observed
wind speed in knots; or, diameter (DIA)
of latitude for a satellite location.

g“ OBS SFC WND - maximum observed

at time of fix
given as a con-
of development

flight level
in whole degrees

surface wind
speed in knots; or, number of bands (BNDS) for a
satellite location.

h. OBS MIN SLP - minimum observed sea level
pressure in whole millibars (reported on penetration
fixes only).

. MIN 700MB HGT - minimum observed 700MB level
heigh~ in whole meters.

j= FLT LVL TT/TD - flight level temperature (TT)
and dewpoint (TD) at fix location.

AP-2



k. EYE FORNl- description of cloud eye; CIRC -
circular, ELIP - elliptical.

1. ORIENTATION - direction of orientation of an
elliptical eye to an eight point compass.

m. EYE DIA - eye diameter or major/minor axes of
an elliptical eye, in N.M.

THKNS WALL CLOUD - thickness of wall cloud in
N.M. ?; observed. F.B. (feeder bands) or N.F.B. (no
feeder bands) may be entered if wall cloud thickness
not observed.

3. The following definitions are given to clarify usage
in this report:

a. VORTICES:

(1) Cold vortex - a closed cyclonic circula-
tion identified as having originated as a cold core .
system removed from the ITCZ or any easterly wave.

(2) Embedded vortex - a closed cyclonic cir-
culation along an easterly wave and separated from the
ITCZ.

(3) Junction vortex - a closed cyclonic cir-
culation at the junction of an easterly wave and the ITCZ.

b. RECONNAISSANCE FLIGHTS:

(1) Synoptic track - a set reconnaissance
pattern between specified coordinates schedtiledto
gather and report meteorological data.

(2) Investigative flight - weather reconnais-
sance of an area containing a suspected circulation.

(3) Fix mission - aircraft reconnaissance
scheduled to fix the center position of and gather
‘peripheral data about a known tropical cyclone.

c. FIX - the determination of the position of a
tropical cyclone at a precise time, generally by

, reconnaissance aircraft penetration of the center or
by airborne, land, or ship radar. In the case of a

AP-3



reconnaissance aircraft penetration the actual fix may
be based on any of the following: visual observation
of the cloud pattern and sea surface, radar, surface
pressure, surface or flight level winds, constant pres-
sure height or temperature.

d. The term “tropical cyclone” has two definitions
as used herein depending on usage:

(1) “Tropical cyc”lone”may be used to describe
a suspected cyclonic circulation which appears to be
capable of intensification.

(2) “Tropical cyclone” may be used in the
general sense e.g., “Typhoon Agnes was the most intense
tropical cyclone of 1968”, or “tropical cyclones ~ost

frequently develop during August and September”.

e. TROPICAL DEPRESSION (T.11)- as used by JTWC
this is a numbered tropical cyclone in which the maximum
sustained surface wind speed is 33 knots or less and
whose winds are expected to increase to 34 knots or more
within 48 hours.

f. TROPICAL STOR~i”(T.S.)- a named tropical cyclone
in which the maximum sustained surface wind speed is
greater than 33 knots but less than 64 knots.

g“ TYPHOON/HURRICANE - a named tropical cyclone in
which the maximum sustained surface wind speeds are 64
knots or greater. West of 180 degrees longitude these
are called typhoons, east to 180 degrees they are called
hurricanes. All references to typhoons apply equally to
hurricanes.

h. Recurvature - that point at which a tropical
cyclone ceases movement to the west of north and
commences moving east of north.
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